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“When ideas are freely current they keep science fresh and living and are in 
no danger of ceasing to be the nimble and trusty servants of truth. We may, 
perhaps, allow ourselves to say that the body of science gets from the steady work 
of experiment and observation its proteins, its carbohydrates, and—sometimes too 
profusely—its fats, but that without its due modicum of the vitamin of ideas the 
whole organism is apt to become stunted and deformed, and above all to lose its 
resistance to the infection of orthodoxy.” 


“To the experimenter immersed in his research, and to the clinician struggling 
with the load of experience and the needs of his patients, it may seem unpractical 
to concern ourselves with the theory of medical knowledge. On the other hand, 
it is perhaps the lack of rational doctrine and of a general interest in the problems 
of method that has made medicine the scene of so much disunited and contradictory 
effort, and helped to put it down from its historical position as the mother and the 
nurse of science.” 

Wilfred Trotter. “Observation and Experiment and Their Use in the Medical 
Sciences.” The Collected Papers of Wilfred Trotter, F.R.S. Oxford University Press. 
1941. 


To discern the nature of the plan by which the cerebral cortex organ- 
izes purposive movements has been the aim of both clinical and experi- 
mental neurologists since the late 1860's when the early papers of 
Hughlings Jackson and the experimental studies of Fritsch and Hitzig 
and of Ferrier made it clear that in the region of the central fissure there 
exists some mode of representation of movements. 

However, from the outset a diversity of opinion as to the nature of 


this representation developed, and as early as 1886 we find Ferrier, in the 
foreword to the second edition of his “Functions of the Brain,” noting 
the want of harmony and the contradictions amongst the conclusions 


1This paper was read in abridged form at a Symposium on the Central Nervous 
System, in the Festival Programme of the Royal Society of Medicine and the 
British Medical Association on June 14, 1951. 
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reached by different experimentalists, and the discrepancies between 
clinical and experimental observations and theories. 

Now Ferrier was not only an experimentalist, he was also a clinician, 
and we cannot doubt the accuracy of his diagnosis of what was going 
wrong: namely, that the variations in experimental method and the differ- 
ences between the subjects of experiment were not being taken duly into 
account. Here he had a prophetic glimpse of the essential fallacy of think- 
ing which has perpetuated the disharmony he deplored, right up to the 
present day. We have not fully understood that we see only what our 
experiment yields; that experimental procedure and result are but 
primary data, and that logical reasoning has to be applied to both alike 
before we can form a physiological conception. 

It is because the clear implications of this fundamental principle have 
not been grasped that we are still offered various and conflicting hypo- 
theses as to the normal plan of organization of movements by the cortex. 
We need look no further than this for the currency even today of several 
incompatible theories on this subject, and a historical and critical study 
of the vast relevant literature can leave no doubt upon the matter. 

Now while Jackson was warmly appreciative of the value of Ferrier’s 
observations, from the beginning he dissented explicitly and indeed 
repeatedly from the notion he saw growing amongst experimental neuro- 
logists: namely, that the “motor cortex” so-called was to be regarded as 
a mosaic of contiguous points in each of which some single fragmentary 
movement, or some single muscle of the morphologist’s empirical nomen- 
clature, was uniquely and fixedly represented. He was indeed bound so 
to dissent, for his own numerous and careful clinical observations of the 
disorders of movement resulting from destroying lesions and from dis- 
charging cortical foci revealed that the cortical plan of organization must 
be something profoundly different from what this naive notion proposed. 
How, for example, was he to explain the phenomena of recovery after 
destroying lesions on such a basis? 

He therefore formulated his own flexible hypothesis: one that was a 
mean between the rigid mosaic of what he called the “strict localizers” 
on the one hand, and the views of those who were not ready to admit any 
topographical localization of somatic functions in the cerebral hemis- 
pheres. 

Except in the single case of Sherrington, Jackson’s teachings remained 
without noteworthy influence upon neurophysiological thought until the 
past five years, but from the outset they commanded the assent of those 
clinicians who understood them, and have in their time received not a little 
embarrassing lip-service from some who have not (cf. Foerster, 1936). 

Beevor’s Croonian Lectures upon muscular movements of 1904 were in 
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essence little more than a detailed confirmation of the validity of Jackson’s 
teachings as to the plan of organization of movements by the cortex, and 
when Penfield and Rasmussen (1950) maintain that this teaching was no 
more than “hypothetical surmise always ranging far beyond the possibility 
of immediate proof,” they are equating “proof” with one particular form 
of “proof”; namely, that derived by experiment on animals in the labora- 
tory. It was not Jackson’s fault, nor any defect in his mode of proof, that 
the experimentalists of his day and later did not draw from their own 
observations the conclusions inherent in them. 

The crux of the original situation was that the pioneer experimental 
workers on the cerebral cortex were predominantly concerned with the 
topography of motor representation: they were essentially anatomically- 
minded, but Jackson explicitly avowed himself as interested in the “broad 
principles of localization”: he was physiologically-minded. 

Paradoxical as this may seem, it is plainly true—not only of the 
pioneers but of many of their successors in physiological laboratories to 
this day. It is indeed noteworthy that those schools of neurophysiology 
which still cling to the mosaic conception of a representation of individual 
muscles in the cortex are those which have embraced so eagerly, and with 
results so unfortunate for cortical physiology—as most authorities are now 
at last coming to admit—the most artificial of all the cytoarchitectonic sub- 
divisions of the cortex, namely, that of the Vogts: a scheme as morpho- 
logically unsound as it is lacking in physiological insight. 

With the increasing refinement and perfection of electrical methods 
of cortical stimulation, it has become possible to evoke muscular responses 
so restricted that some observers have believed that these can be confined 
to a single muscle or even to a part of a single muscle: a claim that 
Gellhorn (1950) appears to have been able to refute, not that it would 
clarify the problem of normal functions, even were it confirmed. 

When we consider the nature of willed movements, it becomes clear 
how remote these isolated phenomena are from anything that occurs in 
nature, and this attempt to fine down muscular response is a natural result 
of the anatomical outlook that had dominated so much cortical research. 
Also, we may see in the claim to establish fixed connexions between single 
nerve cells and single muscles a trend inevitable in experimental research. 
It is of the essence of the experimental method that it seeks to break down 
a problem into what appear to be its simplest components, and to study 
each of these in isolation. Let us acknowledge that immense achievements 
in modern science have flowed from this, though on occasion scientific 
thought has suffered from it. This, also, is inevitable, for the isolation 
of a phenomenon involves its abstraction from the total reality under 
study. Yet in nature all things are connected and nothing is isolated or 
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torn from its context, and in the hands of those who do not safeguard their 
abstractions by constant reference to what they are leaving out of imme- 
diate account, the results of experiment are capable of grave misinterpre- 
tation. 

This is how it comes that a profound confusion of thought invests the 
literature of cortical physiology, as is well brought out in some recent 
papers by Denny-Brown (1947, 1950, 1951). 

In earlier papers (1942, 1943, 1946, 1947 a and b) I have discussed in 
some detail the elements, anatomical and physiological, in this obscure 
situation, and have tried to state the case for the acceptance of the 
Jacksonian hypothesis of the representation of movements in the cortex 
on both clinical and experimental grounds, and to find common to it and 
to the mosaic conception of the cortex the elements of a single general- 
ization. 

It seemed possible to reconcile the Jacksonian view and that of Leyton 
and Sherrington in terms of differences in the thresholds of excitability 
amongst the patterns of movement represented in the cortex. This notion 
has been so fortunate as to find experimental confirmation in the recent 
work of Liddell and Phillips (1950, 1951), and I believe that it affords an 
insight into the physiological significance of facilitation, deviation and 
reversal of response in the cortex. 

Nevertheless, it is of course not surprising that not all physiologists take 


kindly to the interpretation of their observations by clinicians, and Fulton 
in his Withering Lectures (1948), forgetting for the moment, presumably, 
that it has already been the subject of unremitting experimental research 
for 80 years, remarks, in criticism of my views, that the problem of the 


representation of movements is better fitted for attack by experiment than 
by what he calls “philosophical reflection.” 

I distrust the false option between experiment and reflection. It seems 
to take with a naive literalness Hunter's famous injunction, “Why think, 
why not try the experiment?” Yet if Hunter distrusted thinking as a sub- 
stitute for experiment, he can scarcely be invoked as objecting to thought 
about experiments. Indeed, experiment without reflection is meaning- 
less, and if the published records of experimental research are not fit 
matter for reflection, of what use are they? Information becomes 
ordered knowledge only when someone has reflected upon it and has 
drawn from it the conclusions it allows and may require. 


THe Material OF INTERPRETATION 
The thesis of this paper is to formulate a principle which should 
govern the interpretation of experimental results, but before embarking 
upon it, the ground must be cleared by reference to certain conflicts as 
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to the facts which are the matter of interpretation. The first of these is 
the legend of the morphological and _ physiological specificity of the 
so-called “giant cell” of Betz. 

As long ago as 1881, Bevan Lewis, himself a pioneer of cortical cyto- 
architectonics, did his best to prevent the development of this legend 
when he wrote that the giant cells are “but great representatives of a very 
general formation varying greatly in size . . . extremely varied in con- 
tour and not by any means constantly pyramidal . . . and represented 
over a greater area than that affirmed by Betz.” From every subsequent 
description of these cells the same impression is derived, as I have 
endeavoured to show from a detailed review of the literature on an earlier 
occasion (1942). 

Nevertheless, upon the assumption that the Betz cell is a thing 
precisely defined, constantly identifiable and exclusive in its role, there 
has been built a conception of the structural basis of the “motor cortex” 
physiologically considered, and in this instance an inaccurate anatomical 
preoccupation has served to hamper physiological insight into cortical 
process and organization. 

A second source of conflict as to facts has arisen from the various 
parcellations of the cortical cell population into areas: in the case of the 
Vogt scheme into some 200 areas, each of which we are invited to regard 
as an “organ” (“Griseum”’); the cortex thus becoming a mosaic of many 
separate organs. All these schemes are now dissolving under critical 
study, but in the meantime they have done great harm to thinking in 
terms of function (Walshe, 1942; Lashley and Clark, 1946; P. Bailey, 1948; 
Klotz and Clark, 1950; Denny-Brown, 1951). 

A third source of conflict which still shows “the mysterious viability 
of the false,” is the assumption of the existence of a cortical mosaic in 
each piece of which a single movement or a single muscle is represented. 
Of those who regard the representation as one of muscles, some believe in 
a contiguous mosaic, some in an overlapping arrangement. 

I have already suggested that the original experimentalists were more 
concerned with the “where” than with the “how” of this representation. 
They were geographers first, and thus began that unending process of 
map making in which a geometric projection of the moving parts of the 
body was drawn on the cortical surface. The majority of these motor 
maps record findings obtained from the brains of apes and monkeys, but 
some have been boldly transferred to schematic diagrams of the human 
cortex (as though the convolutional features of this were—what we know 
them not to be—constant): an arbitrary, unscientific process euphemisti- 
cally styled “homologizing the map for man.” 

As ever more restricted movement came to be evoked by punctate 
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electrical stimulation, so the lists of names on the diagrams grew in 
length. The climax of the process is seen in the human cortical maps of 
Penfield and his collaborators. Superimposed upon the familiar list of 
moving parts, we see in these, morphological caricatures of the human 
form purporting to depict, not, be it noted, simply the facts of observation, 
but the essential plan of cortical representation as it obtains in nature. 

The general effect of all these charts is to convey the impression that 
they represent the essential plan of cortical organization: that is, they are 
assumed to be more than a mode of recording experimental findings. As 
will appear, my submission is that these maps are nothing of the kind. 
They are simply a way of showing on a diagram what a certain type of 
experiment yields, and to regard them as more is without justification. 

In truth, the validity of the fixed mosaic conception of the cortex in 
so far as the representation of movements is concerned—and it is with 
this alone that we are here concerned—received what should have been 
its death blow in the classical paper of Leyton and Sherrington (1917) and 
in the contemporary papers (1912-1916) of Graham Brown in the Quarterly 
Journal of Experimental Physiology. The importance of these researches 
lay in their discovery and description of the phenomena of primary and 
secondary facilitation, of deviation and reversal of response. 

Under the conditions of their experiments it appeared that a given 
cortical point might first yield one movement and later another and 
different one, and conversely, that a given movement might be yielded 
now by one point and later by another and a different point that formerly 
did not yield it on stimulation. The appearance—and I use the word 
“appearance” deliberately—was that of a kaleidoscope of representation, 
and in the constantly dissolving scene the fixed mosaic lost for ever its 
validity as a representation of cortical processes. 

Yet it survived, for, unhappily, at this juncture Sherrington turned his 
genius to other problems, and left to his successors precious clues which 
they did not follow up. 

The fixed mosaic survived to become the object of a cult of dogmatic 
finality with those who continued to believe in it. 

It seems to have been assumed that after being shaken up, as it were, 
by serial stimulation, the mosaic settled down again to its pristine fixity, 
and all that was gained for physiological thought by this so brilliant and 
suggestive work was the lame conclusion that the cortex possessed a 
property of lability which probably accounted for its capacity to initiate 
new forms of movements. 

You will recall the classic passage in Moliére’s “Le Malade Imaginaire,” 
where the candidate in his oral examination attributes the pharmacological 
qualities of opium to its possession of a dormitive property. Used as an 
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explanatory notion, the lability of the cortex is on precisely the same 
footing as the dormitive property of opium: the unexplained is inter- 
preted in terms of the undefined. 

Since this date, however, very many experimental observations have 
proved, and have been so recognized by those who have reported them, 
to be incompatible with the notion of a fixed mosaic of representation. 
Thus, as long ago as 1923, Lashley’s experiments on the macaque cortex 
revealed the widest temporal variation in the muscular responses from 
identical points in a sequence of observations. 

Ten years later, Dusser de Barenne (1933) wrote that “even for the 
electrically excitable cortex itself there is evidence at present that the 
relations between the (cortical) foci and the striped peripheral musculature 
are by no means as fixed and rigid as the classical localization theory 
asserts .. . The theory with its assumption of a sharp point-to-point 
geometric projection of the body on the cortex . . . must be abandoned.” 
That he should have to write thus, and to speak of the original “classical 
theory of localization” as something still currently accepted sixteen years 
after the appearance of Leyton and Sherrington’s paper, shows that, 
although piously quoted by almost every writer on the physiology of the 
motor cortex, it had been virtually without influence upon physiological 
theory. Everybody knew about it, but no one had troubled to ask what 
it really imported in terms of cortical processes. The word “lability” had 
indeed possessed dormitive properties unexcelled by those of opium. 

Thus it comes that even now, thirty-three years later, the conception 
of a fixed cortical mosaic in which the muscles of the morphologist’s 
empirical and unphysiological nomenclature are each supposed to be 
represented, and in which particular Betz cells are said to stand in direct 
relation to particular ventral horn cells and thus with particular muscles: 
in other words, a conception incompatible with the possession of any inte- 
grating functions by the cortex, is still held and taught by many authorita- 
tive writers and physiologists (Hines, 1944; Ruch, Chang and A. Ward, 
1947; Fulton, 1948). In a recently published “Essay on the Cerebral 
Cortex” by von Bonin (1950) we read that “by means of electrodes it is, 
of course, possible to determine cortical ‘points’ for individual muscles. 
Each muscle is represented in area FAy only once, it has a focal point and 
a fringe, and the loci for different muscles may overlap.” 

I have deemed it necessary to cite this remarkable “Credo” for the 
information of anyone who may not think it possible that such a notion 
is still widely held in neurophysiological and neuroanatomical circles. 

Of course, no clinical neurologist can hold it, for the common pheno- 
menon of paralysis of a muscle for one purposive movement and not for 
another, in certain human cases of hemiparesis, is the final and unanswer- 
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able refutation of the fixed mosaic as an hypothesis. Beevor’s Croonian 
Lectures give numerous examples of this phenomenon and give the con- 
clusions as to cortical representation that must be drawn from it. 

Here, then, we have three main sources of disharmony as to the facts 
of observation, and until this is resolved we may look in vain for any 
adequate and generally acceptable hypothesis as to the plan of the cortical 
organization of movements. 

In any candid review of this situation the student of the literature cannot 
fail to note two of its main causes; first there is the unfamiliarity of the 
laboratory. and experimental neurophysiologist and neuroanatomist in 
general with the current of clinical neurological knowledge and theory; 
his unwillingness to accept as proved anything that is not experimentally 
proved: that is, his equation of the larger term “proof” with the smaller 
term “experimental proof.” There is, nevertheless, a wealth of recorded 
clinical information and of rational deductions therefrom which are of 
vital importance in the understanding of experimental results, and should 
be a stimulus to experimental workers. It cannot be said, on the other 
hand, that in general the clinical neurologist has shown himself dis- 
interested in experimental neurophysiology. A deep interest in the 
anatomical and physiological foundations of their discipline has been 
traditional amongst clinical neurologists, but they cannot be expected to 
regard the literature of the experimental physiology of the cortex as an 
inspired book which they may not critically study and philosophically 
reflect upon. 

The second main cause is the dominance of anatomical thinking, and 
structures are but facilities and 


the widespread failure to recognize that 


opportunities for integrative action, and that integration is not at the com- 
pulsory service of structure” (Riese, 1950), or in Sherringon’s words (Rede 
Lecture) “the brain is still mainly a form and a series of events.” 
In a word, the physiologist must think physiologically; that is in terms of 


process. 
This thought brings us naturally to the general problem of the inter- 
pretation of experimental results. 


THE OPERATIONAL VIEW OF EXPERIMENTAL PROCEDURES 

What must strike every thoughtful reader of the literature of the experi- 
mental physiology of the cerebral cortex, especially of the literature deal- 
ing with the electrical stimulation of the cortex, is the general assumption 
—sometimes explicit, sometimes implicit—that what the clinician would 
call the “symptoms” produced by electrical stimulation are the equivalents, 
or at least unequivocal natural components of a normal function; no 
systematic awareness being shown of the fact that the primary and essen- 





INTERPRETATION OF EXPERIMENTAL STUDIES OF CORTICAL MOTOR FUNCTION 257 


tial relationship revealed by experiment is that of procedure to result. 
These two are primary data, and deductions as to function are the product 
of reasoning from them. 

Of course, certain relations between stimulus and response have been 
noted and often measured: for example the relation of response in the 
muscles to the strength, duration and frequency of stimulus and so on. 
But these are items in the relation, and no general law of relationship 
between procedure and result has ever been formulated. 

Many writers on cortical stimulation experiments definitely think of 
the movements their stimuli evoke as simply and directly representing 
the plan of cortical organization of movements. Thus, Hines (1944) in 
this connexion writes that “in the precentral gyrus of the macaque there 
is a detailed pattern of representation of the skeletal muscular system and 
the basic plan of this pattern can be analysed in terms of muscles.” She 
continues that the role of this plan, thus revealed, is to enable the indivi- 
dual embarking upon some purposive movement to choose his desired 


prime mover. 

It is perhaps immaterial to my present thesis to point out that no one 
of us chooses his own prime mover, or could do so. As Riese (loc. cit.) 
points out, restating an old theme, “man experiences himself primarily as 
endowed with will power and judgement rather than with pathways and 


nuclei.” To this we may add muscles. If it were as Hines supposes, skating 
champions would learn their art in the anatomy school and not on the ice. 

Yet elsewhere in her exposition, she writes “the results of electrical 
stimulation of the precentral gyrus do not demonstrate the ability of that 
region to produce movements per se: rather, they illustrate what the neuro- 
muscular mechanism can do when a current of particular form and 
intensity is applied to the cortical surface”—a procedure she describes as 
“grossly artificial.” 

These two statements express directly conflicting principles of interpre- 
tation of experimental results: the first identifies symptoms with func- 
tions, the second as explicitly differentiates them. 

The notion of the “discrete movement” as a special product of the 
motor cortex and its projection tract, the pyramidal system, is another 
clear example of the identification of experimental results with normal 
processes (Tower, 1949). Characteristically, as Sherrington long since 
pointed out, the cortex employs the skeletal musculature in widespread 
combinations and sequences of movement. As a natural phenomenon, 
the so-called “discrete movement” has no existence, and the notion that it 
has derives directly from the observation of small movements evoked by 
punctate electrical stimulation of the cortex: and so derives because the 
electrical effect is assumed to be equivalent to a normal function. 
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Penfield and Rasmussen (1950) commit themselves to a belief in such an 
equivalence in their homunculi, which are submitted as pictorial illustra- 
tions of the cortical plan of representation, and indeed can have no other 
meaning. They do so explicitly, again, when they maintain that the 
results of electrical stimulation correspond to such movements as the 
infant is capable of, and implicitly when, from their inability to evoke the 
full range of skilled adult movements by this means, they suggest that 
these must be represented elsewhere. The “elsewhere” they favour is the 
diencephalon.' Yet notwithstanding this, they also write that “physio- 
logically speaking there is no representation in points or centres” and 
that “ it is not to be concluded that functions are to be localized in these 
points.” 

Here again, then, we have the same two directly conflicting bases of 
interpretation of experimental results. 

Many similar contradictions of statement and conflicts of thought 
could be cited from the literature, but I need not labour the point that 
hitherto no consistent principle—or any awareness of its need—is to be 
found amongst contemporary writers on the physiology of the cerebral 
cortex. 

Now when the experimenter stimulates a point on the cortical surface 
by an electrical current of whatever properties, he is using a mode of 
activating the cortex that never occurs in nature. Nothing like it happens 
to the intact cortex of the sentient animal in motion. 

How, in these circumstances, was it that we came to expect operations 
of this kind to reveal the normal plan by which purposive movements are 
organized in the cortex? 

Yet, as we have seen, the assumption in most neurophysiological 
writings is that this experimental operation does so reveal it. Denny-Brown 
(1951) remarks that writers on the frontal lobe “show charts of symptoms 
or of electrical effects as if these were in some way equivalent to functions. 


It is right to point out that Penfield has another reason than this negative 
experiment in support of this thesis that the diencephalon is the summit of the 
hierarchy of neural integration: namely, in an axiom of Herbert Spencer which 
postulates that “the seat of consciousness is that centre to which mediately or 
immediately the most heterogeneous impressions are brought.” This “seat” he 
arbitrarily identifies with the diencephalon. Yet surely an axiom of this order has 
scientific validity only when it is a generalization of observed facts. It is not a 
formula to which the facts must be adapted. Apart from this, there is a directly 
opposed meaning, in accord with what we know of the sensory pathways, which the 
axiom is equally tolerant of: namely, that “the diencephalon is that centre through 
which the most heterogeneous impressions pass, and in which they are relayed, on 
their way to the cerebral cortex.” This, it may be submitted, is the only legitimate 
sense in which Spencer’s axiom can be applied. It is the sense in which Jackson 


used it. 
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The only key to the problem of function in the central nervous system 
is the Sherringtonian definition of adequacy of stimulus.” 

Here, surely, is the crux of the matter: here, in a sentence, the un- 
answerable refutation of the identification of symptoms with functions so 
habitually made by many experimental neurophysiologists' who do not 
employ adequate stimuli in this sense. 

In this connexion we have to realize that punctate electrical stimulus 
applied to the cortex is at least a biophysical lesion having location in space 
and duration in time, and that the movement evoked by it is as truly a 
“symptom” as the convulsion or paralysis is ensuing upon a local patho- 
logical process in the cortex produced by disease or injury. To record 
such a movement and the point from which it is excited is neither to 
reveal a normal function nor to “localize” one. 

In so far as he has followed Jackson, the clinician does not commit 
this particular error, for he has been schooled to the notion that he may 
not convert a symptom into a function simply by calling it so. We owe 
to von Monakow a major contribution to our thought upon this subject 
(1913, 1914). He described three distinct modes of “localization”: the 
anatomical localization of cell stations and tracts, and of this mode Dusser 
de Barenne’s so-called “physiological” neuronography is a plain example 
the localization of symptoms by clinico-pathological investigations; and, 
finally, the most difficult of the three, the true localization of function. 
Nothing, he says, has so obscured the problems of cerebral localization, 
or led it so far astray, as the confusion between these three different modes, 
and the loose use of the term “localization” without due definition of 
what precisely is being located. 

In short, the fallacy of identifying experimental results with normal 
processes, and the localization of the one with that of the other, runs 
throughout the literature and the thought of workers on the cerebral 
cortex, and it is a special case of a general fallacy of interpretation that 
we must now proceed to define and describe. 

We may express the case thus: In the past, science has been regarded 
as the study of an external world independent of the observer whose 
observations and experiments were simply means of finding out how the 
world is constructed, and by what laws its behaviour is generalized. 

Attention is now shifting from the nature of the world to the nature 
of the operations of experiment and observation. These are coming to 


be regarded by physicists, particularly by those concerned with relativist 


1For an interesting discussion of the implications of the term “function” see 
Riese’s “Principles of Neurology” 1950. The term “symptom” is used in this paper 
as indicative of disorder of normal function: disintegration, perversion, defect or 


excess. 
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concepts, not as more or less arbitrary means of discovering an already 
established order of nature, but rather as affording primary data for 
rational study, and the world we contemplate as a result of them is not 
an independent existence called to action by, or requiring, our operations, 
but a logical construct formed to give a true picture of the relations which 
our operations reveal (Dingle, 1950). 

This is what Bridgman (1951) calls the “operational view” of scientific 
procedures, and, if we adopt it, it calls for a reinterpretation of all scientific 
procedures. 

The full range of the operational view may be found in a paper by 
Dingle (loc. cit.), in which he develops it in relation to the theory of 
measurement: pointing out that the making of measurements tells us 
primarily something about the nature of measuring instruments, and that 
the so-called “properties” of the bodies revealed by our measurements 
are in fact primarily the reflex of our measuring methods and not con- 
crete facts in rebus Nature. Bridgman has also developed the view in a 
recent lecture given at University College, London (1951). 

There is much in all this that is beyond the scope of the physiologist’s 
or the clinician’s field of knowledge, but surely here is the principle we 
have been seeking, and to which the argument has been moving. 

The almost habitual assumption in the matter of interpreting the 
effects of the electrical stimulation of the cortex is that the movements 
evoked by this unphysiological procedure reveal in some clearly recogniz- 
able fashion the order of nature as this is exemplified in the cerebral 
cortex: that our artificial stimuli isolate or bring into the open the natural 
elements, and thus the basic plan, of the cortical organization of purposive 
movements. Put in another way, all such stimulating experiments are 
believed to reveal a “property” of the cortex which exists even when we 
are not stimulating it. It is true, as we have seen, that some writers say 
both “yes” and “no” to this, but equally true that they really believe they 
are revealing the order of nature in their electrical effects and in their 
maps. 

Such an assumption is incompatible with the operational view, for 
instead of postulating some pre-existing “property” of the cortex which 
our operation has disclosed, we must begin with the operation and its 
effects and define the latter in terms of the former. A relation has been 
established between the two, and experiment of and by itself has done, 
and can do, no more. 

It is for this logical reason that we may not regard the items of move- 
ment evoked by stimulation, or the cortical diagrams upon which we 
symbolically represent them, as being any more than simple observations 
and their records. They are not expressive of theories of function. 
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In thinking about the experimental situation we have been prone to 
disregard the operation as one of the essential data of rational interpre- 
tation; and, indeed, a datum as integral to any hypothesis we may form as 
are the movements evoked by the operation. As a result we have almost 
as many hypotheses of cortical function as we have experimental methods, 
and all are vitiated by the omission of essential data from their construc- 
tion. We have not appreciated that our results have no absolute value as 
expressions of normal function. 

For any who may not be willing to accept the force and relevance of 
the principle thus enunciated, a convincing example of its validity may be 
found in the recent work of Liddell and Phillips (1950, 1951) on the 
threshold of cortical representation. 

By varying the mode of electrical stimulation, these observers have 
evoked from the precentral cortex a mode of muscular response qualita- 
tively different from any presented to us before. They have established’ 
a new form of relation between operation and result, and one essentially 
different from any hitherto revealed. It is one not compatible with any 
mosaic theory of representation current held now or formerly, and, inter- 
estingly enough, it is a relation of the same order of Jackson postulated 
from his clinical studies. I believe that no more significant contribution to 
the cortical physiology of movement has been made in the last thirty years. 
It opens up the relevance of the Jacksonian teaching to experimental 
neurophysiology, and makes possible a convergence of thought between 
clinical and experimental students of this perennially fascinating problem 
of the cortical organization of movements. 

In general terms, then, the position may be stated as follows: It is a 
fact that the result of any stimulating experiment is the consequence of 
performing a specific operation. It is not a fact that this result is equiva- 
lent to a “property” of the cortex which would exist whether we stimulated 
the cortex or not. If we wish to maintain that our experimental result 
is such a natural “property,” we must provide a train of logical reasoning 
to explain why we think so. And when we have done this, we have further 
to explain how such a slight modification in the specified operation as 
that employed by Liddell and Phillips has revealed the cortex as possessing 
a profoundly different property, and one requiring a different explanation. 

As their cortical maps reveal, Liddell and Phillips have been able at 


will, by changing from single to repetitive stimuli, to produce either the 
familiar sequence of small movements from the familiar sequence of 
cortical points, or the extensively represented lowest threshold patterns 
of thumb-index, angle of mouth or hallux movements, all overlapping on 
the cortical surface. 

In doing so they have made it finally impossible to regard the familiar 
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maps as representing the basic plan of cortical organization, and they have 
made it clear that Penfield’s various homunculi are physiologically 
meaningless. 

It is surely clear that the operational view is forced upon us: that 
heretofore impartial study has not been given to all the primary data in 
experimental cortical studies: that these data have not been recognized 
for what they are, namely, the raw material from which we have still to 
derive rational theories of function by the application of logical principles. 
As long as we continue to regard symptoms as the equivalent of functions, 
we shall continue to have as many physiological hypotheses as we have 
experimental methods. 

In the too rarely rewarded search for clarifying principles in the vast 
literature of this subject, we encounter Denny-Brown’s dictum as to the 
crucial significance of the Sherringtonian definition of adequacy of stimulus 
‘with a feeling of illumination. For no electrical stimulus applied to the 
cortex is an adequate stimulus in this sense. 

From this notion, the necessity of the operational view follows 
inevitably. 

There follows also, the need for its application to all experimental 
studies of central nervous function, by whatever method and of whatever 
function or part of the system. 

My reading of Hughlings Jackson’s teachings leads me to believe that 
the essence of the operational view was present always in his thought. 
By establishing common relations between different kinds of lesion and 
different kinds of disorder of movement, he evolved a rational hypothesis 
of the cortical representation of movements: that is, he revealed the 
relation of the intact cortex to the musculature. He never made the 
crude error of mistaking an observational datum for a theoretical con- 
clusion. 

This is but to say that philosophical reflection informed his great 
achievement, and that he exemplified for us his own saying that “a collec- 
tion of numberless facts, however accurately gathered, is not a real 
experience. Unless a man can put the particular phenomena he himself 
sees under more general laws, or unless he tried to do so, he can scarcely 
be said to know or to be studying a thing in any very valuable sense.” 

I have chosen a particular experimental method to illustrate the need 
of a consistent, logical, principle of interpretation of experimental results, 
and I have suggested that the operational viewpoint provides such a 
principle. 

Certain current topics come to mind in this connexion.. There is, for 
example, the view that there exist in the cortex, in fixed relation to sup- 
posedly definable cytoarchitectonic areas, what have been called “sup- 
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pressor bands.” The literature on this subject bristles with contradictions 
and obscurities. Some observers, using fixed electrodes in unanzsthetized 
animals (Clark and J. W. Ward, 1948; Clarke, 1948) have failed to find 
them. Even the cytoarchitectonic areas involved are, apparently, not 
always recognizable in histological studies, and the literature concerned 
seems to have followed the familiar lines of identifying inconstant sym- 
ptoms with normal functions. 

The hypotheses concerning the role of the diencephalon in conscious 
states also stand in need of reconsideration in the light of the operational 
view, for the reason that here also symptoms and functions have not been 
differentiated. 

Into neither of these two particular problems has the conception of 
adequacy of stimulus entered, and other aspects of neural physiology 
stand in equal need of reinterpretation. 

There is a strong current tendency to regard no interpretation of 
neural function as valid or illuminating unless it is given in terms of 
electronics, or in the language of the “communications engineer,” and 
Cybernetics provide the latest and most ingenious expression of this point 


of view. Yet even here, clothed in new terms, we may find the ancient 
fallacy of confounding symptoms with functions. The essential hypothesis 


of cybernetics is that the chief mechanism of the nervous system is that 
known as the negative feed-back, and purposive and adaptive behaviour 
is to be accounted for in this way. When the thermostat, the most 
familiar example of a negative feed-back, corrects an error it does so by 
making another but a smaller error, and this in turn is corrected by a 
further but still smaller error, so that the target is more accurately focused 
upon. If the mechanism overshoots the mark, however, it may lead to 
an oscillation. 

Looking for confirmation in the nervous system, Rosenblueth, Wiener 
and Bigelow (1943) believed they had found it in cerebellar ataxy. For 
the purpose of their thesis cerebellar ataxy is an oscillation. The subject 
of this disorder of movement, so the argument runs, when he tries to 
bring his hand to his mouth swings to and fro on his way. Therefore, 
the, cerebellum may be regarded as having for its main function the 
control of the feed-back mechanisms involved in purposive motor activity. 

Whoever is familiar with the analyses of cerebellar ataxy current in 
a past generation will recognize this line of thought, despite its new 
vesture. 

For example, in Babinski’s interpretation, dysmetria was similarly 
explained. When the subject overshot the mark as he reached out to 
grasp something, it was said that he lacked the normal braking action 
(“action freinatrice”) of the cerebellum, but when, as might equally well 
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happen, he undershot his mark, he was said to show the lack of the 


normal reinforcing action of the cerebellum upon the spinal centres. 
What precise cerebellar property was lacking when he shot to the right 
or to the left was never specified, but it is clear that one might “box 
the compass” in search of new functions and new terms on these lines. 

What these “explanations” provided was not an insight into cerebellar 
function, but simply ad hoc exegeses of the particular anomalies of move- 
ment resulting from the use of a conventional battery of tests designed 
to bring out the disorders ensuing upon a defect in cerebellar activity. 

The cybernetic error is to assume, inaccurately, that cerebellar ataxy 
is a simple oscillation: that is, an active to-and-fro movement round a 
mean position, which, of course, is not an adequate account of this com- 
plex disorder, and does not even cover the apparently simple error seen 
in nystagmus. The cerebellum now becomes something which stops 
oscillation, just as for Babinski it was something which acted either as 
a brake or as 2 reinforcing agent. This is not physiology. 

Surely, also. it is rigit to say that the only true oscillation we encounter 
in clinical neuro!ogy is tremor of the Parkinsonian type, where we are 
dealing not with a cerebellar destroying lesion, but with such a lesion in 
the cerebral hemispheres. 

It may well prove that the cybernetic field of discourse will illuminate the 
problems of neural function, but before it can help us in the interpretation 
of those disorders of neural function seen in disease and in the experimental 
laboratory, we shall have to learn all that is involved in the derivation 
of logical notions of normal function from the study of symptoms. 


SUMMARY 

In conclusion, this paper confessedly does not offer an hypothesis 
expressive of the cortical plan of the organization of purposive move- 
ments, but it does seek to provide what is an essential preliminary to 
any such hypothesis: namely, a discussion of one aspect of the problem 
of method. We have been too long unaware that there is such a problem 
in neurophysiological research, and by some of our experimental methods 
we have set the nervous system tasks it was never designed to perform, 
and we have expected it for some mysterious reason we have never paused 
to contemplate, to respond by revealing the true nature of its intrinsic 
activities as an integrating entity. We see the consistent employment of 
the adequate stimulus not in stimulation and ablation experiments but 
in the learning studies of Lashley and his school, where what may seem 
to be psychological questions provide physiological answers. 

Probably, the innate hostility to philosophical reflection that still 
lingers from the intellectual atmosphere of the nineteenth century, is 
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largely responsible for our failure to face the problems of method in our 


work, yet it is idle to exploit the techniques of modern physics unless we 
also show the vigour and freshness of thought that characterise the modern 
physicist, and the willingness to admit rational thought to a place in 
our activities. 

An historical résumé of the literature of the experimental electrical 
stimulation of the cortex and of the varied theoretical conclusions drawn 
therefrom reveal that from the outset there have been conflicts as to the 
facts of anatomy and of experimental observation, and a complete lack 
of consistency in the principles by which experimental results have been 
interpreted. 

The anatomical conflicts are now in sight of resolution, with the 
increasing realization that the giant cell of Betz lacks both morphological 
and physiological specificity, and that the cytoarchitectonic schemes of 
areation of the cortex are to an important degree artificial and unreliable. 
Nevertheless, during the past half century, the strongly anatomical trend 
of thought of many experimental workers upon the cortex, coupled with 
an unsound notion as to cortical structure and its meaning, has gravely 
hampered the growth of physiological insight into the problems of cortical 
motor organization. Of these defects, the conception of the motor cortex 
as a mosaic of continuous points, in each of which a muscle is uniquely 
and fixedly represented, is a natural result, though since the publication 
of Leyton and Sherrington’s paper on the motor cortex of anthropoids, 
and the contemporary studies of Graham Brown, it has been a conception 
at variance with the facts of observation. 

The conflicts as to the interpretation of stimulation experiments derive 
in part from these false anatomical assumptions, but in greater degree from 
the lack of any consistent principles of interpretation of the results of 
experiment. Most writers, while agreeing that the punctate electrical 
stimulation of the cerebral cortex is a grossly artificial mode of activating 
the cortex, nevertheless, assume that the method does in fact reveal, in the 
movements evoked, the natural plan of organization of movements in the 
cortex that is, they identify symptoms with functions. 

They have failed to realize that what they observe is merely what the 
specific experimental operation reveals, and that it stands in no necessary, 
or apparent relation to the normal processes of the structures stimulated; 
the essential relation being between operation and result. These two are 
primary data for rational study, and the nature of normal physiological 
process has to be deduced from these primary data by a logical train of 
reasoning. This is the so-called “operational view” of experimental 
procedures, and it provides the essential principle by which all experi- 
mental results must be judged. The significance of Liddell and Phillips’ 
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recent work on the thresholds of cortical representation is discussed in the 
light of this operational principle. All earlier work on the cortex must be 
reinterpreted in terms of this principle. 
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TYPES OF VISUAL PERSEVERATION : 
“PALIOPSIA” AND “ILLUSORY VISUAL SPREAD” 
BY 
MACDONALD CRITCHLEY 
(From the National Hospital, Queen Square) 


THE purpose of this paper is to draw attention to an unusual visuo- 
psychic symptom occurring in association with cerebral disease. The 
phenomenon, expressed in bald terms, consists in a reoccurrence of visual 
perceptions after the stimulus-object has been removed. A variety of 
this affection comprises an illusory extension of the visual perception over 
an area greater than that which the stimulus-object would be expected 
to excite. Questions of terminology will be broached at a later stage, but 
for the moment the former phenomenon can be regarded as a sort of 
“visual perseveration in time,” and the latter representation a “visual per- 
severation in space.” 

These two conditions, which may be found in association, must be 
admitted as rarities. They are not met with as continued phenomena, 
but as an intermittent, paroxysmal, or episodic event, the immediate causal 
factors of which are not known. We recall that something similar may 
be met with in other sensory spheres. Thus a tactile stimulus may con- 
tinue to provoke a feeling of touch or of pain for some moments after 
the stimulus has been removed. (Indeed this may be said to occur in 
normal circumstances to a limited extent, and the phenomenon may 
perhaps be looked upon as abnormal only when the after-sensation is 
particularly vivid or unusually long-lasting.) To this tactile perseveration 
may also be added the rarer state of affairs where a single touch gives rise 
to a diffuse (or perhaps even punctate) type of perception. Thus in cases 
of incomplete peripheral nerve section, a touch though in itself exquisitely 
localized in its application, may also cause a feeling of “spread.” This 


phenomenon may be met with in the case of lesions at other levels of the 
neuraxis. Indeed it may be found in cases of normal individuals afflicted 
with the bite of a mosquito or a bug, when the feeling of discomfort with 
itching may involve a wide area of skin, extending for many inches beyond 
the point actually stimulated. Here then we have a kind of spatial per- 


severation in the tactile sphere. 

Something similar can occur in the case of audition, where a persevera- 
tion in time and space may take place after a short-lived auditory stimulus 
has ceased. This generally applies when the responsible stimulus is of 
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considerable magnitude. The continued oscillation of sound-waves, going 
on after the stimulus has ceased, offers a simple explanation along purely 
physical lines. 
TERMINOLOGY 

We need at: least two terms to stand for the phenomena of visual 
perseveration in time, and, again, in space. The former may perhaps be 
referred to as paliopsia (palin—again) whereby the patient continues to 
see the object after it has been removed. The term is sufficiently self- 
explanatory and ranges itself with comparable phenomena in other spheres, 
e.g palilalia, palipraxia. It is more difficult to find an apt expression to 
indicate visual perseveration in a spatial sense. Visual perseveration in 
space; visual extension; visual prolongation; visual expansion; these offer 


themselves for consideration but none of them is adequate. Perhaps 


illusory visual spread describes most accurately and yet simply this pheno- 


menon (such as occurred in Case 3). When the individual continues to 
see the object in an interrupted—rather than continuous—fashion we may 
speak of visual re-duplication, visual repetition or polyopsia. 

Illusory visual spread is at times a relatively simple phenomenon which 
takes the form of a metamorphopsia whereby objects appear elongated in 
one dimension only. This in itself is not a very uncommon symptom 
with posteriorly situated cerebral lesions. Our fourth patient, for example, 
noticed that objects were apt to appear broader than they actually were. 
When asked to guess at the length of a series of sticks, his suggestions 
were pretty accurate when the objects were held vertically but when they 
were placed horizontally, his answers were inaccurate and they usually 
erred in an over-estimate. A square sheet of paper would look to him 
rectangular, with the longer edge lying transversely. Asked to copy the 


letter A, he often reproduced it thus 


PERSONAL CASES 


Case 1.—Episodic momentary paliopsia moving from a blind to an intact half-field 
in association with a right parieto-occipital lesion (previously described by G. 
Holmes (1931)). 

B. J., female, aged 32, was admitted to the National Hospital, Queen Square, 
uader the care of Sir Gordon Holmes from 11.2.31 till 13.3.31. A sister had died 
from fits, otherwise the family history was non-contributory. Shortly before the 
birth of her first child (stillborn) seven years previously, she had developed phlebitis 
of the right leg. She afterwards suffered periodically from pain and weakness in 
that leg, at shes to six monthly intervals, and lasting one to two weeks. 
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Her present troubles began seven weeks before admission with “flu” characterized 
by a sore throat, nose bleeding, cough and generalized pains. There was a dull 
throbbing bitemporal headache which suddenly became much worse a few days 
after she got up. At this time she also saw golden crosses before her eyes, a pheno- 
menon which lasted about one hour and was associated with vomiting. There was 
a slight recurrence of this visual symptom the next morning. The headache per- 
sisted though in varying intensity. When severe she would héar a noise in her 
ears, more especially the right, like a band playing. Three weeks after the onset, 
the headache suddenly became more intense and sharp, as if something were 
moving inside the hez ad. The vision of golden crosses returned. After a few 
moments she lost consciousness for a period of “well over a week.” To direct 
questioning, in hospital, she admitted to hearing blowing noises in the ear, more 
so on the right side. She found difficulty in seeing and when reading the letters 
of the left would disappear. 

In hospital she comported herself normally and without any speech affection. 
There was a small nevus on the right side of the face, and a pigmented mole on 
the back. Visual acuity, right 6/12 partially, left 6/18. Left homonymous 
hemianopia. Fundi: slight blurring of upper nasal quadrants of the optic discs 
with fullness of the veins. Left pupil larger than right. Imperfect reaction to light. 
Coarse horizontal nystagmus on lateral deviation of the eyes, slower on looking to 
the right; slight facial weakness on the left. 

The left hand grasp was weaker than the right. There was a falling-away and 
also a tremor of the left outstretched arm. The tonus was diminished on the left. 
The tendon reflexes were brisker on the left side, though the abdominal responses 
were all present, and plantar stimulation on both feet yielded a flexor movement 
of the big toes. The only sensory defect consisted in a relative slowness in 
stereognosis in the left hand together with a slowness in the compass test. When 
walking she inclined her head to the left and she did not swing her left arm. 

On three occasions during one day in hospital, each time after someone had 
walked past the foot of her bed from left to right, and then gone away, she had a 
moment or two later an impression of the same person walking past as before, 
although when she looked closely there was no one there. The dress, size, and 
distance only seemed exactly the same, but they seemed more shadowy. This did 
not occur again, though it happened three times at intervals of about half an hour 
on that particular day (27.2.510). 

On March 13 Sir Percy Sargent operated and exposed a hemangeioma over the 
right parieto-occipital region (see fig. 1). She died that same evening and an 
autopsy was carried out. 

Post-mortem findings (Dr. J. G. Greenfie veral very large vessels were seen 
to pass out from the sylvian point in front of the sulci, and large veins ran from 
the post-central region both upwards to the superior longitudinal sinus and back- 
wards to the outer end of the superior petrosal sinus. The superior longitudinal 
sinus communicated chiefly with the right lateral sinus, but two large foramina 
connected it with the left lateral sinus also. 

On sectioning the brain, a large hemorrhage was found under the angeioma in 
the posterior portion of the Island of Reil and the parietal cortex behind this. It 
lay external to the wall of the ventricle but reached this at the level (in coronal 
section) of the hippocampus, and passed backward to about | inch from the 
occipital pole. In its posterior part it extended from the outer wall of the ventricle 
to the immediate subcortex. Where the calcarine fissure was deepest, the external 
surface of the calcarine cortex in the depths of the sulcus was involved in the 
hemorrhagic area. The hemorrhage was surrounded by an ochre capsule and 
appeared to be shrinking away from this capsule and the surrounding brain tissue 
(see figs. 2, 3, 4). 
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Fic. 1 (Case 1).—Drawing of left parietal angeioma as revealed at operation. 
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Fic. 4 


Fics. 2, 3, and 4 (Case 1).—Coronal sections of the brain, showing a large 


hemorrhage situated within the mesial portion of the parietal lobe, and underlying 
a cortical angeioma. 


Case 2.—Episodic paliopsia of significant objects, occurring in association with a 
left parieto-occipital tumour, and projected into the blind half-field. 
C. T., female, aged 55, was first admitted to the National Hospital, Queen 
Square, under the care of Dr. Purdon Martin on 10.4.44; she was readmitted on 
29.10.45 and died on 12.11.45. 
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In May 1943 she had a momentary “attack” in which objects located to the 
right of the mid-line “came and went in rapid kaleidoscopic fashion” for a short 
while only. 

Three months later, in the lavatory, she found herself unable to manipulate a 
toilet roll. She managed to get back to her room and then fell into a deep sleep. 
After this incident, she found she could no longer read music to her right though 
she could still see and understand print. Headaches also developed. 

Nine weeks before admission she found herself bumping into objects on the 
right. There also developed some difficulty in reading, as letters seemed jumbled. 

A week later a new visual symptom began to appear. At times, objects which 
she remembered well, or which had attracted and held her attention sometime 
before (even up to several hours before), would appear within her blind half of 
vision and gradually float across it as far as the mid-line as if they were characters 
on a stage. One object in particular, a little Dresden dog, was very apt to show itself. 

Neurological examination showed some dysgraphia, and some left-sided visual 
disorientation. In addition there was a right homonymous hemianopia. There 
was no motor or sensory loss and her reflexes were brisk but equal, all the 
abdominals were unobtainable, and both plantar responses were flexor in type. 

The right breast had been removed at some earlier date. 

She was transferred to Hurstwood Park Hospital but was readmitted to Queen 
Square on 29.10.45. Her memory had deteriorated; she had had attacks of stagger- 
ing while walking; mild headaches were frequently present with occasional severe, 


incapacitating pains in the head. 
Examination showed her to be confused at times. The right hemianopia was 
still present. Optic discs were normal. The right pupil was larger than the left. 


There was a little weakness in the right arm. The tendon reflexes were equal on 
the two sides. Both plantar responses were extensor in type. Sensory testing showed 
diminution of vibration at the ankles, more so on the right. Position sense was 
poor in the toes of the left foot and was absent on the right. 

A week later she lapsed into coma and died six days afterwards. 

Autopsy revealed a large but isolated tumour within the left parieto-occipital 
region. The dura was firmly adherent all over the left parieto-occipital region 
except the post-central sulcus and about half an inch posterior to this and the mesial 
and inferior surfaces. The whole of this region was filled by a very hard mass of 
scirrhous carcinoma, with normal cortex only on the inner and inferior surfaces of 
the occipital lobe. There was moderate coning of the whole length of the left 
hippocampal gyrus. The tumour extended to the parieto-occipital sulcus on the 
mesial surface (Dr. J. G. Greenfield) (see fig. 5). 


Case 3.—Metamorphopsia and attacks of visual perseveration in space, in association 
with a tumour deeply situated within the middle zone of the left hemisphere 
and spreading anteriorly to involve the right frontal lobe. (This case was briefly 
recorded in the Trans. Ophth. Soc. 1949-50.) (Case No. 12570.) 


E. M. S., female, aged 47, was admitted to the National Hospital, Queen Square, 
on 20.10.48 with a two-year history of somnolency, increase in weight, and headache; 
two attacks of confusion within the preceding eight months; and a two-month 
story of impaired vision mainly in the left eye, and of visual hallucinations. 

There was unusual family history with many neurotic and psychotic illnesses 
on both the maternal and paternal sides. 

The patient’s visual symptoms took the form of blurred distance vision. Within 
the following two or three weeks this rapidly deteriorated so that she soon became 
unable to read or to discern faces. The left eye was the worse. Two weeks after 
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Fic. 5 (Case 2).—Coronal section of the left hemisphere showing a large neoplasm 
(secondary carcinoma) occupying most of the white matter of the parieto-occipital 


region. 


the onset of impaired vision she developed visual hallucinations: walking in the 
street she suddenly saw a small giraffe standing beside a lamp-post to the left. 
During the next two weeks she frequently saw a variety of animals, chiefly to the 
left. They were always correctly coloured and proportioned but were miniature in 
size. She also saw strange shapes and shadows and became afraid to venture out 
alone after dark. When a passenger in a car she once saw a dense jungle or forest 
all around her—a most unpleasant experience. Later still objects would often seem 
distorted. Thus a landscape may seem to be “untidy,” “piled up,” ... “as if 
blasted by a bomb.” 

If she looked at anyone wearing a striped or chequered garment, the pattern 
would seem to extend over the person’s face. The pattern of cretonne curtains 
would often seem to extend along the adjacent wall. When she came to the hospital 
by taxi, the iron railings enclosing the garden of Queen Square appeared to extend 
across the road and the taxi seemed to be charging’ through this barrier. 

Neurological examination revealed no gross psychical defect. Visual acuity was 
right 1/18 corrected, and left 1/60 corrected. There was an early papilloedema. It 
was very difficult to estimate accurately her fields of vision as they appeared to 
fluctuate from one moment to another. They were obviously grossly restricted. 

The left pupil reacted poorly to light. Slight ptosis.was present on the right 
side, and internal deviation of the right eye was a little impaired. 

Otherwise neurological testing was negative. Blood bromides measured 35 mg. 
per cent. 

The provisional clinical diagnosis was a tumour of the middle fossa on the 
right side involving the optic chiasma and the medial surface of the right temporal 
lobe. 


Ancillary techniques were not confirmatory, however. Electro-encephalography. 
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air-studies, intraventricular myodil, and a carotid arteriogram suggested a deep 
lesion within the left hemisphere, possibly related to the caudate nucleus. 

This case was considered surgically inaccessible and she was discharged from 
hospital on 27.11.48, and received a course of radiotherapy at the Royal Cancer 
Hospital. 

She was readmitted to the National Hospital on November 24, 1950. By this 
time her sight had considerably deteriorated. Visual hallucinations had not occurred 


Fic. 6 Pao. 7 


Fics. 6, 7, 8, 9, 10 (Case 3)—Coronal sections of the brain showing a bilaterally 
situated tumour, more extensive on the left side. 


for many months. Her physical signs, comprising a right-sided neglect, gross 
autotopagnosia, over-reaction to pin-prick, tactile inattention, postural loss and 
bilateral apraxia, pointed to a lesion deep within the left temporoparietal area. 
Air-studies and a further arteriogram were confirmatory and on 4.1.51 she was 
explored by Mr. Wylie McKissock. The following day she died. 
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Fic. 8 Fic. 9 


At autopsy (Drs. W. Blackwood and W. P. Mair) a tumour was found presenting 
at the right frontal pole. Coronal sections revealed that the growth was bilateral 
having traversed by way of the corpus callosum. The tumour was much more 
extensive in the left hemisphere where it involved almost the whole of the white 
matter from the frontal to the occipital poles. At places, and particularly deep to 
the’ parietal region, the neoplasm was necrotic. On the right side the tumour 
mainly lay within the frontal lobe, and a large intracerebral hemorrhage lay more 
posteriorly (see figs. 6-10). Histological examination of the tumour revealed that 
it was a diffuse astrocytoma, with focal “malignant” change. 


Case 4.—A bi-parietal syndrome in an arteriopath, characterized by visual agnosia, 
and visual perseveration of the paliopsic type. (Case No. 24033.) 


L. H., male, aged 58, an engineer and designer of bakery machinery, was 
admitted to the National Hospital on 17.7.50, under the care of Dr. M. 7: McArdle, 
who very courteously and generously allowed me to take charge of the case. 

Family history and previous medical history were without significance. 
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Fic. 10 


According to the patient’s wife, the trouble started five years before, when, 
during a routine eye-test, a small hemorrhage was detected in one fundus. A 
raised blood pressure then, for the first time, came to light. He began to complain 
of headaches, and to be irritable and easily flustered. 

Seventeen months previously he had developed a particularly severe headache. 
A month later, during an unpleasant business interview, his speech became an 
unintelligible jumble for about a week; this was associated with a great difficulty 
in reading and writing which persisted. 

Fifteen months ago he lost consciousness for fifteen minutes and thereafter 
was confused and noisy for about a month. 

Thirteen months ago he had three convulsions within an hour. After he was 
so noisy, excited and delusional that he was certified. He soon improved and was 
discharged six months later. During this period his vision was “twisted.” He 
imagined that stationary cars were in motion; objects looked hazy and wavy. 
There were frequent spasms in the left arm and there was clumsiness in the fingers 
of that hand. 
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Five months before admission he had two more fits, which were followed by 
complete inability to read or write. There developed some occasional hesitancy in 
the evocation of the correct word. There was now a difficulty in dressing; he would 
put on his vest the wrong way; would put the wrong limb into the wrong trouser 
leg; fail to knot his tie; he might try and put his leg into the sleeve of his pyjama 
jacket. At about the same period he first had difficulty in seeing objects, though 
this was not consistently the case. He could not recognize coins except by feeling 
them. He did not lose his way about the house, but his wife thought he would do 
so out of doors. Questioned as to his previous personality and any possible change 
therefrom, she said that he had always been quick in his ways: now he was slow. 
He was naturally very neat in his appearance. Always was he polite and particular 
in his demeanour. This had not changed except after each fit when he would 
temporarily become a little “coarser.” Thus, when he saw his sister-in-law he 
exclaimed “Gor Blimey!” an expletive of which he would never have been guilty 
of before. His speech had become a little slower; he had always indulged in the 


use of long words. 


The patient himself described his symptoms in the following terms: 


“I have the three R’s wrong; reading, writing, and arithmetic. It all seems to 
have gone. It started with a business which was disappointed and discredited to 
me. I fell flat out and recovered in a day or two. Again I went flat, fell down and 
could not understand anything. I recovered and could write my own name, faintly 
but not well. I then went into another flat spin and went into a —— damn! W here 
is the hospital ? one nearby. I then returned to Ruislip and again went dizzy, 
incapable of writing my own name, and had to be assisted by my wife, even dressing 
me. I sometimes dressed myself, usually the wrong way round. I did not know 
when it was on the wrong way round, though I was quite punctilious. It was not 

haphazard fashion. I had to lay them out carefully.” 


He then went on to describe a number of curious visual experiences. 


“I would see a child crossing the road when there was no one there. The worst 
case was in the movies. I saw the sea on the screen, a rough sea dashing. I did 
not like it and looked away. I looked again and saw Ginger Rogers dancing. The 
rough sea was still there as well as Ginger Rogers. The sea soon went. I thought 
‘What the hell is Ginger Rogers doing there? The vision should have gone.’ 
Another time I saw a duplicate vision of two small boys on bicycles going up Ruislip 
Hill. Another day when — blackberries I picked them all off—about 8—and 
handed them to my son. I looked back and saw four more on the bush and when 
I went to grab them they were not there. 1 had difficulty shaving. I have 
shaved one side so that it is beautifully clean to my fingers. I looked back to find 
that the beard seemed to be still there. Because of that I sometimes shave myself 
twice, for no earthly reason. Now I cannot see. When | look to see I cannot see. 
I shave with my fingers.” 

When the patient’s wife was questioned about these visual repetitions she 
stated: “If he looks at a thing, and looks away, he may continue to see it somewhere 
else, as if it did not get cut off quickly. He may look at the dog next door and 
continue to see it for an imstant, even when it is not there. Things he thinks about 
a lot do not go out of his vision quickly, as if they were slow in being switched off. 
He may look at advertisements in the street and fancy that there are other adver- 
tisements around it when there are not. Or he may look at a blank wal] and 
imagine there are advertisements there too. For example, a ‘To Let’ board in a 
house—he has thought he had seen similar boards in other houses, where there 
were none.” 

Physical examination revealed an individual whose general appearance was that 
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of a man of defective sight peering in puzzlement around him. Details of his 
visual defects and of his language disorders will be given later. 

No motor impairment could be found. His reflexes were present and equal, the 
abdominals were normal and the plantar responses were flexor in type. Sensory 
testing showed a tactile inattention over the left side, not accompanied by any gross 
alteration in the threshold of sensibility. 

There was a definite sclerosis of the retinal arteries, and the blood pressure 
measured 260/180. 

An EEG was done on three occasions with inconsistent results, 

Skiagrams of the skull were within normal limits. X-rays of the chest showed 
cardiac enlargment mainly of the left ventricle. The aorta was unfolded and there 
was an atheromatous calcification. Cerebrospinal fluid: pressure 180; no cells; 
protein 0-090 gramme per cent; Nonne-Apelt and Pandy tests positive; Lange 
0012211000. W.R. negative in cerebrospinal fluid (as well as in the blood). Blood 
urea 30 mg. per cent. 

In this respect our fourth patient offered the richest variety of visual Hogan 
Although he asserted that he could walk about the purlieus of the hospital, « 
stroll in the streets, without being aware of any visual distortion or salaaeeien 
specific testing revealed that he had a wide range of visual defects which actually 
proved a great handicap. The patient has little if any insight into these troubles 
or into the effects which they produced. These phenomena can be summarized 
under the following headings: 


(1) Impaired fundamental visual acuity which could not be bettered by any 
refractive techniques. His visual acuity measured (as far as test-methods could be 
regarded as reliable) 6/36, 6/36, and he recognized J4 in each eye. 

(2) Relatively intact colour-vision. The difficulties of actual testing may be 
imagined for there was some naming defect as well as difficulties in sorting— defects 
which lay outside of the sphere of vision, though themselves consequent upon a 
cerebral defect. Tests with Ishihara plates were complicated by confusion of figure 
with background, and also by reason of visual perseveration of the first objects 
displayed. 

(3) Visual fields (again tested with considerable difficulty) revealed no central 
loss. Peripherally some qualitative as well as quantitative defect was present in the 
right homonymous half-fields though it was difficult to state dogmatically its precise 
nature. It seemed, indeed, to vary in nature as well as in degree. Usually he 
showed a visual inattention to the right. At times there seemed to be some restriction 
of the visual field to the right, and especially in the upper quadrants, though not 
amounting to an actual hemianopia. Tachistoscopic testing might have been con- 
sidered helpful but it was hampered by his defect in object-recognition. 

(4) A marked visual disorientation in all directions was a conspicuous symptom. 
This was shown by an inability to count a series of articles placed before him, by 
extreme difficulty in fixing his gaze on an object, by an illusory enhancement of the 
speed of moving objects, and by an inaccurate localization of ‘things seen. 

(5) A relative defect in the recognition of objects which were within his visual 
range (object-agnosia). Articles were recognized, if at all, only after a delay, but 
they were promptly identified when touched (or smelt, in appropriate cases). 

(6) As a part of his object-agnosia, there was a dyslexia. This reading-defect 
was rendered still more difficult by his inability to pass from one letter to the next, 
and thereafter to proceed from the end of one line to the beginning of the next. 

(7) Recognition of pictures as a whole was grossly affected (simultanagnosia). He 
might succeed in picking out a fraction of a picture, e.g. a face, a tree, a vehicle, 
but he would entirely fail to synthesize these isolated parts so as to be able to 
say “I see a picture representing so and so. rn 

(8) An almost complete Gerstmann’s syndrome was present, as shown by an 
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icalculia, a right/left disorientation on himself and the examiner, a dysgraphia, 
ind an autotopagnosia. 

(9) There was impairment of his topographical sense or memory (distinction 
yetween these two faculties being somewhat artificial). Here again he was not 
iware of his trouble and indeed denied the defect although this was obvious to 
hose in attendance upon him. 

(10) A possible constructional apraxia was demonstrated by a difficulty in copy- 
ng geometrical patterns placed before him. It must be realized that his initial 
lifficulty in assessing the pattern object may have interfered in some measure with 
ihe ability to reproduce it. 

(11) A variable degree of dressing apraxia (but not conforming to that dressing 
defect which follows neglect of one body-half). 

(12) A mild dysphasia. This comprised not only a reading difficulty but also a 
lysgraphia. He was able to understand spoken speech, albeit somewhat imperfectly, 
when complicated statements were put to him. His own verbalization was impaired, 
however, and in a curious fashion. Spontaneous speech was slow and deliberate— 
not exactly hesitating— -and curiously stilted, almost pedantically so. He often used 
i wrong word, especially in naming objects. The word enunciated would be evoked 
deliberately (and not as if he had been in doubt about the appropriate term), Always 
the paraphasic utterance was a real dictionary word and not a fragment of jargon. 
Often, however, it was a most unexpected term, bearing no relation either in sound 
or Meaning with the missing word. The effect was unusual and was reminiscent 
of the speech defect described by A. Petrie in leucotomized patients and named by 
her “regressive metonymy.” 

(13) Optical allozsthesia constituted yet another of the visuopsychic rarities. A 
stimulus-object exposed to one side of the mid-line was at times perceived, but 
incorrectly located to a corresponding point in the opposite half-field. This 
phenomenon took place either from right to left or from left to right, i.e. from the 
half-field with a lower perceptual threshold to one of higher threshold—or the other 
way round. 


During his stay in hospital, his behaviour was interesting and somewhat unusual. 
A man of good intelligence with an educational background well above the average, 
he was polite and highly co-operative. His attitude was old-world and courtly in 
manner which struck his medical attendants as quaint—almost abnormal. During 
testing procedures he seemed to do his best and he probably did not mislead his 
examiners too often by confabulatory guessing in an effort to please. This tendency, 
however, may have increased during his stay in hospital, especially when he realized 
he was something of a cynosure. When confronted with a task beyond his powers 
he displayed nothing of a catastrophic reaction, in the Goldsteinian sense. He 
merely seemed puzzled and after repeated trials he would freely admit defeat. His 
failure to sort or classify articles was fairly well marked and might be taken as an 
index of an impaired categorical attitude. It was obvious that he was unaware of 
the severity and extent of his defects, even after repeated demonstrations of error 
or non-achievement. This lack of awareness of his disabilities amounted virtually 
to a delusion of their non-existence, for when directly taxed with a leading question 
on this score he would often deny any inefficiencies. Thus he was asked whether 
he had experienced any difficulty or even doubts in the course of the short journey 
from his ward to the physician's consulting room. He said there had been no 
trouble at all. Nevertheless it had been observed that at each turning of the ways 
he had come to a halt, and had required prompting in order to take the correct 
direction. In the corridor he had mistaken a series of low cupboard doors for the 
entrances into doctors’ offices. As he climbed the staircase he was observed to be 
counting the steps sotto voce. 

Within the consulting room he was asked whether all the furniture, pictures, 
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objects and persons appeared to him quite distinct—or whether they were foggy, 
or altered in form. He replied that he could see and recognize everything clearly. 
Next he was told to switch on the electric light. This he entirely failed to do, 
though he very slowly and awkwardly explored the whole room including the walls 
and furniture, looking and groping for the electric light switch. During this task 
he made a sort of running commentary as he came to each object in turn, saying... 
“Oh there is the window! . . . This is that picture of yours . . . here is the desk.” 
These acts of recognition often, though not always, followed the touching and 
handling of the objects. Quite often his identifications were inaccurate. 

His manner of speech was worthy of comment—the defect being again curious 
and unexpected. There was no dysarthria, but his articulation was over-emphatic. 
He would speak slowly—but without hesitation—mouthing every syllable of each 
word like a school teacher addressing a foreigner or an unintelligent child. There 
would be a relative overaction of the facial muscles and especially of the lips. Speech 
was not obviously reduced in volume and there was no disorder in the grammatical 
construction of his sentences. His naming of objects was, as mentioned earlier, 
imperfect, in that an uncommon term would often be offered in the place of the 
anticipated substantive. Another of his verbal mannerisms was to interpolate 
gratuitously some additional comment. Thus, shown a pencil he might identify it 
(only after touching it) and then go on to say . . .“A black lead pencil . . . not 
very well sharpened, if I may say so, doctor.” 

Although on very superficial testing it might have been assumed that his failure 
to identify an object by sight only was really a paraphasic phenomenon, this could 
be proved not to be the correct explanation. Thus shown an object he would be 
faced with two difficulties at least: (1) a doubt as to the nature of the article; and 
(2) an inability to find the appropriate term. But when he was allowed to feel (or 
smell) the article in question, his first difficulty was resolved and he was merely 
left with the amnestic aphasic handicap which was never gross, always self-evident 
and identifiable, and usually transitory in each case. 

His visual perseveratory defects are best illustrated by reproducing verbatim his 
statements during a long series of test procedures. 
21.6.50: First interview, in association with Dr. Reinhold. 

Shown a landscape painting, he described trees all across the foreground (where 
actually there were none). To direct questioning he said he could see a moon, 
but he indicated a point well to the right of the correct spot. 

Shown a Japanese seascape he described more trees (actually there were none) 
and a ship (at a spot where there was no ship). 

(On the way down to the examination room he dropped a pencil, stooped and 
picked it up. He then said he saw the pencil again on the floor and he tried to 





pick it up.) 
Shown a chart with two black arrows and one light arrow 


and then shown a chart with only two black arrows, he declared he could also see 
a light arrow. When asked to indicate the arrows he pointed well to the right. (This 
test was done twice.) 
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Asked to count a number of red crosses on a sheet of paper, he failed; always 
1e pointed well to one side. 

Shown a page with a number of black crosses he said he could see three red 
crosses. Later he corrected himself and said ‘““Two red crosses.” 

Shown again the sheet with two black arrows on it he said “Two crosses and a 
faint red cross over there.” Later . . . “I see no red crosses now.” 

Shown again the sheet with the black crosses he said he could see “a faint red 
cross . . . now it’s gone! Or extremely faint. Now I see black crosses.” 

Shown an irregular geometric figure in red, he said “It has no particular shape 

.. like an aeroplane. Black. ..no... it might be red . . . a dark red—no a 
bright red.” 

Shown a red circle . . . “A circle, rather badly drawn . . . not a perfect circle.” 
(Q. “Anything else?”) “I see some crosses marked up here.” (Q. “What colour?”) 
“Black. Nothing else but the circle can I see.” 

The circle was then removed. “I can see . . . the aeroplane .. . not a proper 
circle. I see the circle—right across . . . A badly drawn circle” (making circular 
movements with his finger tip). 

Shown the black crosses again. “Crosses again and an aeroplane.” (Q. “What 
colour?” “Black.” (Q. “What colour are the crosses?”) “I see no crosses.” 

Asked to look up at the window. “I can see the window.” (Q. “What do you 
see through the window?”—Actually the panes are opaque.) “I can see your 
daughters or something” (pointing to a photograph on the window-sill). 

Shown a Japanese picture of Fuji-Yama and then a sheet of white paper: “Just 
there . . . there is starting to be... not a picture ... what on earth do you 
call it? . . . a landscape, no not really a landscape . . . like Switzerland . . . because 
it has rocks coming down. . . . Now there’s nothing there, except white paper.” 

Shown the picture of Fuji-Yama again: “A landscape with rocks.” 

Now shown the blank sheet: “Nothing at all—No, here comes the picture. A 
landscape with rocks— ...I see it! . . . Here’s the rock up here . . . it comes 
up here . . . it’s going to disappear soon.” —(Q. “How do you know?”) “Because in 
the past that’s what happens. . . it goes; what’s the name for that? . . . a duplicate 
of vision . . . an intensity of vision.” 

He then interpolated a recent experience: “Going upstairs I saw one of the 
maids—Rose. I looked at Rose. I closed my eyes and opened them and saw two 
of Rose. I even spoke to one of them. Later I saw the two again. Definitely. 
I touched them. I saw Rose to the left and then to the right. I said ‘How the 
devil did she get there?’ I was astounded. The one on the left was the real one— 
the other was a sort of mirage of Rose.” 

Shown the blank paper again. ‘“There’s nothing on it.” (Q. “Have a good look.’’) 

“No, nothing else.” 

Shown a red triangle. ‘A kind of triangle.” 

Shown the blank paper. ‘No, it’s a bit too quick.” 

Red geometric figure exposed for two seconds. “That’s the cross.” 

Shown blank paper. “No, nothing.” 

Shown the red triangle. “More than a triangle.” 

Shown black crosses; then red crosses. “Black crosses. I think also a red one 
there .. . but I doubt it . . . Nothing else. I don’t even see the red one now.” 
(Q. “No triangle?”) “No.” 

Shown a red circle. “Nothing else.” Asked to put a point in the centre, he does 
so with fair accuracy. 

Shown the blank paper. “I can see nothing at all.” (Q. “Can you see the red 
circle now?”) “No.” Shown the blank paper again. “A little cross just up there. 
Nothing else . . . I think perhaps a little circle .. . but I think perhaps not.” 


Shown a magnifying glass, he identifies it. 
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Shown a glass paperweight shaped like a bird. “It’s a magnifying glass, . . . no, 
it’s like a spoon. Or part of a spoon.” 
“No I can’t see anything else . . . or commendable.” 


(“Look at me.’’) “I see your eyes but there’s a peculiar object there which looks 


like some gears on a car. They have a peculiar attraction for me.” (Q. “What 


shape?”’) “Like a gear . . . I can’t see it now.” 

Shown the paper weight. “I see something which looks like a gear. It’s oily 
colour.” (Actually green.) He was then told to touch it. “I believe ... I’m not 
certain . .. no, it’s not my model.” (He had modelled a nude.) “It’s a . . . the 
substance is brilliantly hard. . . 1 would say it’s a cat . with a head at the back. 
I think it is a cat” (feeling and examining it) . . . “Like a cat; quite smooth.” (He 
draws it.) (Q. “Would it be a bird?”) “It could be a bird . . . or a rabbit.” 

Shown blank paper... “I'll draw it... not a bird. I think a dog... it 


comes up, down, and across to here” (drawing). “It might be a cat, a dog, or bird. 
I'd say a bird.” 
The bird is taken away. He points to a metal calendar in front of him. Asked 


to look at the examiner’s face. “Yes . . . you’ve got a sort of stand . . . shaped 
like a dog... Yes it’s moving across to the right.” 


(Q. “What do you see on the desk?’’) “This is a date-stand. A sweet rose there” 
(pointing to a vase of roses), “and a heavy round material” (pointing to a flat 
paperweight) .. . “like a dog . . inkstand . . . I believe . . . the back of an ink- 
stand”. . . (he points to the glass bird) “a dog or duck.” (Pointing to the magnify- 
ing glass) “I think an ashtray.” 

Shown a pencil. “A pencil; which badly needs sharpening.” 

Shown a brass ornament. “Brass or copper, probably copper.” 

Shown a pen. “A red pencil, which also badly needs sharpening.” 

Shown an inkstand. “Inkstand.” 

(Q. “What is here?” (actually nothing).) “A form of tray ... you write on it 

. . pencils or pens no, you don’t!” (Q. “What shape?”) “Like a pencil— 
running across here. . . I think I see—it might be an hallucination—an aeroplane. 
No, I think not; we were not dealing with aeroplanes; I was not thinking about 


them.” (Q. “Are they roses?”) “The roses have gone—pretty they were .. . red 
exactly the same number; 4. . . 1, 2, 3, 4.” (Actually there were 8 roses.) 
(Q. “Where is the duck?”) “I don’t see it. . . . There it is again. . . . That’s 


only from memory.” 

(Q. “Where is the magnifying glass?”’) “I cannot find it. Yes here it is. It 
was in the dark; then suddenly it comes.” 

Shown three objects in a row, viz. rose, glass, bird, magnifying glass. 
the roses . ” (Q. “Anything else?”) “I see roses over there”—pointing to the 
right where actually there were none. “I can see the roses. . .. I have to turn 


I see 


my eyes.” 
Shown the magnifying glass, rose, glass bird. Then the rose was quickly taken 
away. “Yes I can still see the rose. Very pretty. 1, 2, 3, 4,” counting them. 





23.6.50: Second interview, in association with Dr. M. Reinhold. 
Shown the landscape as before, he recognized it, calling it a snowscene, but 


again misplacing the moon. 
Shown a floral picture. “Ah this is similar, a snowscene.” (“Look at me.’’) “Yes | 
can see it again.” (“Look over there” (at the blank wall).) “Yes I still see the picture.” 


(“Again.”) “Yes .. . still a picture. A bit hazy. This one has not the intensity 
of detail that that one has,” pointing to the real landscape. 
Shown Ishihara 1. Traces a circle with his finger . . . “Perforated blue grey.” 


(Correct.) “There’s another substance in the middle.” (Q. “What colour?”) “Not a 
blue . . . it’s a reddish colour.” (Correct.) (Q. “What shape?”) “The characteristic 
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it’s moved back again . . .” Traces it with his finger but very inaccurately. 
“Squarish ... rhomboid. Yes, I think so. It dips down.” 
Shown a piece of white paper. “Yes I see it here again . . . a piece coming across 


here.” (Q. “What colour?’ ’) “A faint red.” (Q. “What shape?”’) “I recognize it. I 
could almost draw it.” Draws a triangle. “I don’t see it any more. It’s gradually 
fading out.” Closes eyelids and then opens them. “No it’s gone!” 

Shown Ishihara 3. “Yes it’s the same shape. A reddy colour.” (Actually green.) 
(Q. “Any other colour?”’) “Yes . . . reddy colour.” (Actually yellowish.) 

Shown Ishihara 7. “Reddy.” (Correct.) (Q. “Any other colour?”) “Only a reddish 
colour all over the whole thing. Not a deep red—a brick red.” (Correct.) “All 
one colour.” 

Shown Ishihara | again. “There it is again. Still a grey red background. It 
seems to be going. The background is a grey” (correct), “ and it is exactly the 
same shape as before.” (Q. “What about these two numbers?”) “T can’t say 
which. They seem to confuse with the ordinary grey shape.” (Q. “What colour are 
they ?”) “Probably a two or a four, . . . a reddish-brick colour.” 

Shown a plain black page. “Yes, a sharper, more reddish colour.” (Q. “What 
shaper”) “Yes, a sort of star . . . reddish-grey or black or brick colour. It’s 
getting confused.” Eyes closed for 15 seconds. “I see nothing. It’s gone!” 

Shown Ishihara 42. “That’s the grey.” (Correct.) (Q. “Anything else?”) 


“Slight reddish colour persists. . . . How or why I don’t know.” Traces it with his 
finger. “It has no particular shape.” 
Shown the blank paper. “Nothing at all . . . except reddy browny coloured 


paper.” (Q. “Grey or Red?”) “I can see the grey. The red has disappeared 
entirely.” 

Shown the final Ishihara. “Brick red” traces it with his finger, inaccurately. 
(Q. “Any other colour?”) “The grey is more prominent. Here it is more promi- 
nent. 

Shown the Ishihara with a grey serpentine figure. “The brick red is not pre- 
dominating as much as a yellow. .. . There is another colour interposed with it .. . 
a dirty yellow. . . . Two yellows ... the other yellow has gone. More of a brick 
reddish.” 

Shown the Ishihara with a green 5. “I see no green.” (Q. “What colour do 
you see?”) “More a brick red.” (Told to keep looking at it.) “It seems as 
though something were moving from a colour point of view. Brick red... a 
vellow-red. . . . I see no other colour?” 

Shown the Ishihara with a green 3. “Bright red—yellowish-reddish.” (Q. “Any 
other colour?”) “No blues . . . no other colour. . . . There’s a difference in the 
colour scheme. They’re both reddish . . . wait a minute . . . I see some green. . . .” 
Traces it inaccurately with his finger. (Q. “Has it any shape or meaning?”) “No.” 

Shown the Ishihara with the red 45. “Green.” (Q. “All over?”) . .. “No; I 
see a little reddish colour. It seems to disappear. .. . The green is prominent. Still 
some brick-red but not prominent . .. as a matter of fact it’s gone. . . . Green all 
over .. . but shades of green.” 

Shown the Ishihara with the pink 96. “All green .. . very prominent 
darker green than the one before. I don’t see any other colour... a little reddish 
colour. Not very prominent. Then it’s gone. I was obsessed with the green which 
was there. It’s still there.” Eyelids closed for 15 seconds. “Green prominent all 
over with an extra tinge of green in there.” 

Eyelids closed again. Blank paper substituted for the design. “They’ve all 
gone into the corner. A dirty brown colour. The green colour has gone to the 
right.” (Q. “Anything else?”) “Something near a brick; or rather grey.” (The 
last picture?) “And something is interposed. I think it’s a reddish colour.” (Correct.) 
“There is a piece of grey coming down here. The red colour has now gone.” 
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Shown a piece of ruled writing paper. “Lines of paper. It looks like foolscap 
paper; not a colour.” (Correct.) 

Shown the last Ishihara in the book. “I can’t describe it.”” Traces the snake- 
like figure with his finger. (Q. “What colour?”) ‘A faint residue of green. Then 
it looks like someone has sat in there. . . . I don’t know why. The green is dis- 
appearing entirely.” (Q. “Any other colour?) “There is a grey.” (Q. “Any other 
colour?”) “A fair amount of grey .. . it’s getting more . . . now there’s a brickish 
red. It certainly looks as though a boy had sat on it! Grey and brickish-red, but 
the red seems to disappear.” 

Closed eyelids. Black blank paper substituted. “Nothing at all. . . . Now a 
faint colour like foolscap paper.” (Actually this writing paper lay to the right- 
hand side.) “Wait...” (Writing paper quietly removed.) “I still see foolscap 
paper. ... Now there’s a blue-grey . . . like foolscap paper.” (Spectacle case 
quietly placed to the right.) .. . “It’s getting denser.” (Red key-chain substituted.) 

. “Foolscap paper; that’s all. A little smudge of whitish, here. The foolscap 
paper has cartridge paper down here . . . more like drawing paper,” points to a 
light strip of the edge of the Ishihara book. 

Pink blotting paper placed to the right. “I see nothing.” (Pink blotting paper 
also placed on left.) “Yes, I see something whitish over there,” pointing to the 
pink blotting paper on the left. (Red keychain interposed.) “You've put something 
on it. A white or more intense white.” (Actually bright red.) (Green pencil inter- 
posed.) “You've put a piece of blotting paper . . . no, not blotting paper . . . with 
a rubber ... greyish colour . . . ordinary.” 


30.6.50: Third interview, in association with Dr. M. Reinhold. 


Looking at the landscape. “I can see the moon, and someone walking.” 


Looking at the window in the consulting room: “There’s the same picture, except 
there’s more moon.” 

Look at this (glass bird). “There’s the bird!” 

Looking at the nude bronze paperweight: “Oh, sweetheart! Unfortunately she 
has a broken kneecap. No I did it from memory, not from a model. People used 
to chip me and say it is Mrs. H. but as far as I know Mrs, H. has never been 


exposed.” 

Pointing to a brass ornament on the desk: “There’s another lady. . . . I seem 
to see it after looking at it for a while. It’s a different colour. It’s brass!” 

Shown 3 coloured lozenge-shaped figures. “I see a sharpish . . . it’s a colour.” 
(Q. “What?”) “At the present my head is spinning because I have been looking 
at it... I see her” (pointing first at the distance, and then at an inkstand on the 
desk). “The colour is a green which I do not like. It’s a blue in that.” (Q. “And 
the other one?”) “I see only two . . . this one?—more of a reddish colour.” 
(Q. “What shape?”) “Double triangular. I have difficulty in describing any of 
them. I don’t see it very well.” 

Two lozenges were then quietly removed, leaving one red one. (Q. “What 
colour are they?”) “This one is a red. The next one I don’t see very well, ... I 
think it might be some form of red. Certainly not green, blue, or any other 
colour.” 

Asked to make patterns with sticks and to copy this design: 
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He tried to do so, slowly, hesitatingly and inaccurately. The model was then 
surreptitiously removed and he went on trying to copy it choosing one stick after 
another and making comments as to their relative length. The test was repeated. 
He put his sticks practically on top of the model. Model removed. He brings up 
three more sticks and comments on them. His sticks were then taken away. “There 
are two. May I see?” (Gropes around.) “This is peculiar!” (Q. “Can you still 
see them?”) “No it’s gone.” (Q. “Can you see it?”) “Yes, but I can’t touch it.” 

Shown the 6 of Clubs. “Clubs. Just which number I cannot tell . . . unless 
I touch it. Wait a moment ... 1, 2, 3, 4, 5, ... I think.” (tea six.) “Yes, i 
see it still.” 

Shown the 3 of diamonds. “Diamonds.” (Q. “What colour?”’) “Not red, not 
green... .ltsared...apecuhar red... the thind....,..1, 2, 3, 4, .....a4.° 

Shown the 10 of Clubs. “Clubs again . . . still black.” (Q. “What number?”) 
“7, I think.” 

Shown the Jack of Spades. “The Jack, or Knave of Hearts. No, of clubs. I 
think it’s clubs. I am not sure.” 

Shown the 4 of Hearts. “Hearts, 1, 2,... Two at this end .. . two at that 

.. 4! Only because I went this way and that” (pointing to the pips). 

Shown a yellow cube. “A cube. Yellow.” 

Shown four cubes. “They’re both cubes. That one’s a red—peculiar colour. 
There’s another cube there . . . almost touching.” 

Shown the letter A. “An A.” (Draws it quite well.) 

Shown FOX BAD V. “BOX... I’m afraid my X has gone west... 
or FOX! IstillseeaB...BOX...notBOAT FO X—I can’t see any more.” 
(F O X removed.) “It might be BO X.... My mind is going haywire!” 

Shown B A D. “BO X I think. I’ve gone haywire on that.” 

Shown V AD. “Not F O X any more. Still a B there. X O.... That’s not 
a name, not a word.” 

Asked to draw a face. “On top of this?” (Q. “On top of what?’”) “You’ve 
got some letters here. .. .” He then drew some marks on a sheet of paper. . . and 
said “These are the eyes” . . . etc. 

Asked to draw a square, does so. Then asked to draw a triangle, he draws a 
square again. (Q. “How many sides has a triangle?”) “Three,” and he then drew 
another square. 

Shown a triangle made of sticks. “A dreadful shape. A Picasso picture—not 
really, of course!” 

A pencil drawing of a triangle was put before him. “I can’t see anything.” 

Shown a pencil. (Fumbles with it.) “A crayon... with a nib... very sharp 
and very smooth.” 

Shown a sheet of white paper with 3 letters on it: 


B (BLUE) 0 (RED) 


Vicrcen) 


Eventually he picked out the V and called it “a blank visiting card.” Later he 
found theO... “Another visiting card.” 
Shown a blue circle on a sheet of white paper: “I see blue... I think there’s 


blue there.” 

Shown a small green triangle. “No . . . everything has gone, except a visiting card 
here,” pointing to a blank area. “I see nothing there.” 

Shown a small stick. “I see it.” 

Given a ruler and told to measure the stick. “I can’t measure it. I can’t see 
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the end. I can’t see the figures. I think it’s 8 to 10 inches long.” (Actually 
6 inches.) 

Shown another stick. “3% inches.” (Actually 134 inches.) 

Shown a stick 24 inches long. “Well over 3 inches, about 4 inches.” 

Shown a stick 6 inches long. “8 inches.” 

Asked “How high is this brass ornament?” “About 5 or 6 inches.” (Actually 
6 inches.) 

Asked “How high is this pencil?” (held vertically). “6 inches.” (Correct.) 

Asked “How high are these 2 bricks?” “3'4 to 4 inches.” (Actually 134 inches.) 

Asked “How high is this pen (held vertically). “7 inches, no 6% inches 
about 74 inches.” (Actually nearly 8 inches.) 


He then interpolated another visual experience. “I still have this wretched 
business of looking at a thing, closing my eyes, and seeing it still. For example, 
a cat... it stayed there quiet . .. and finally he did go away.” (It is difficult to be 
sure whether the cat really did stay on his lap or not.) 

This patient left the National Hospital early in September 1950, and after a 
short stay in a convalescent home, returned to his home. His wife interviewed in 
mid-October said that his condition though fluctuating somewhat from one day 
to another was on the whole the same. He often proclaimed he could continue to 
see an object after he had once identified it, and it has been removed. This was 
particularly noticeable in the case of his Alsatian dog. At times too he would say 
he thought he could see an individual who was not there at all. This person was 
generally the patient he had chummed up with during his sojourn in hospital (a 
patient, incidentally, who was also a victim of a visual dysgnosia.) 

He was readmitted to the National Hospital on 20.10.50, leaving on 6.11.50. His 
condition showed but little deviation. Paliopsia could still readily be demonstrated. 
Once more he was readmitted on 29.11.50 as his mental condition had deteriorated 
at home and he had at times been incontinent. He was obviously worse especially 
in regard to finding his way around the ward, and in dressing himself. 

On 18.1.51 it became necessary to transfer this patient to Holloway Sanatorium 
where he steadily deteriorated. A paresis of the left arm and leg developed 
suddenly on 15.4.5] and he died an hour later. Through the kindness of Dr. J. G. 
Jesson it was possible to study the cerebral pathology. Death had been due to 
a large right fronto-parietal hemorrhage. In addition there was a posterior parieto- 
occipital infarct on the right side. On the left side there was a larger area of 
infarcation, involving the parieto-occipital region as far back as within 3 cm. of 
the occipital pole, and as far forward as the splenium. This lesion lay within the 
white matter above and lateral to the expanded lateral ventricle. Hzmorrhages 
were also present in the pons, the mid-brain, and in the postero-lateral part of 
the right thalamus. 


Case 5.—A case of ? left-sided temporal tumour (unverified) characterized by periodic 
brief attacks of mild confusion with jargon utterance, and inability to recognize 
the meaning of spoken and written speech. Also attacks in which printed words 
would be projected in an illusory and perseveratory fashion. (Case No. 26272.) 


P. M., male, aged 33, was admitted to the National Hospital, Queen Square, 
under the care of Dr. Macdonald Critchley on 8.9.50, leaving on 30.9.50. 

The history, as elicited by Dr. E. A. Bartlett, showed that the onset of his 
symptoms had occurred abruptly one day ten weeks previously. While driving his 
car through the streets of London he had casually noticed that a van moving 
ahead of him had the words “Pullman Springs” written in block letters upon the 
back of it. To his astonishment these same words also seemed to be present upon 
the coach-work of other lorries and vans among the traffic. This phenomenon 
lasted approximately thirty seconds. On another occasion, again while driving, he 
noticed that the lettering printed on the fascia over a shop-doorway also was 
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repeated over other and quite different shops, replacing the words which were there 
in reality. Again this phenomenon lasted about half a minute. 

There was a third occasion when—once again while driving—he noticed that 
the registration number of a car in front of him kept reappearing on other motor 
vehicles. He became intrigued by this phenomenon and noticed that he did not 
feel in himself at all confused or seedy. He was able to manceuvre his car in and 
out of the traffic and to overtake the van in front of him. He then drew into the 
curb and made a pencilled note on a piece of paper as to the recurring registration 
number. On consulting this paper some time later he discovered he had jotted 
down a series of meaningless scrawls. 

The foregoing were the chief examples of an episodic visual perseveration, 
limited to printed letters or numbers. But in addition he had complained of 
various other types of “attack.” Thus while listening to someone speaking (whether 
directly or on the telephone or over the air) quite suddenly the words would 
become meaningless for about half a minute. If during this time he tried to talk, 
his words took the form of jibberish although at the time he thought he was 
talking rationally. 

On other occasions the meaning of something he was reading might for a moment 
or two appear quite obscure; if he tried to talk he mumbled jargon. At other 
times, an object at which he happened to be gazing suddenly seemed to be endowed 
with especial significance, an impression which was only partly visual. Thus while 
playing chess with Dr. Bartlett his eyes became fixed upon one of the chessmen, 
his opponent’s Knight, which for about half a minute seemed distorted—the pieces 
seemed to stand out more clearly, and the carving seemed deeper and more attrac- 
tive. There was another such happening when a stranger in the park seemed to 
change into a man of great importance charged with especial meaning. During 
both these short episodes he articulated unintelligible sounds to his companion. 

Clinical examination in this patient failed to reveal any neurological abnormality 
whatsoever. Ancillary tests however (air-studies: arteriography : EEG, and EEG 
after photic stimulation and after leptazol activation) suggested a space-occupying 
lesion in the left temporal lobe. 

Because his symptoms were much improved by phenobarbitone, and because of 
the absence of abnormal physical signs, exploration was deferred. He was discharged 
from hospital, to be kept under close scrutiny in the follow-up clinic. Under regular 
sedative therapy he improved, though he was still occasionally liable to attacks 
of momentary confusion. There were no more traces of visual perseveration. Focal 
neurological signs failed to show themselves to clinical testing. 

He was re-examined on 17.3.51 and again on 7.7.51, but no neurological 
abnormality could be detected. Though minor absences continued and averaged 
two a day, there was no return of his visual perseveration. 


Case 6.—Attacks of psychical epilepsy of complicated visual character, with disorder 
of the body-image (hyperschematia), phenoméne de _ sosies, and _ episodic 
paliopsia, resembling an exaggerated negative after-image. (Case No. 649.) 

A. W., female, aged 72, was admitted to the National Hospital, Queen Square, 
under the care of Dr. E. Arnold Carmichael from 23.10.50 till 5.11.50. (She had 
originally been an in-patient under Sir Gordon Holmes in-1925, with the same 
symptoms, and had attended various physicians in the out-patient department ever 
since.) 

For twenty-six years this woman had been liable to periodic epileptic attacks 
of varying types. 

She would wake with an indescribable feeling which would inform her that an 
attack would mature some time that day. Then quite suddenly she would be 
rendered immobile, holding on tightly to whatever she happened to be holding. 
Though not unconscious she would be aware of loss of vision to the right side. 
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She would then turn cold and tremulous. At this stage she might bite her tongue 
and afterwards she would be dazed. 

During the attack and for some minutes afterwards her right hand would appear 
to her to be “about twice the normal size.” It would appear at the same time . . 
“ugly, spiteful looking. I’m afraid of it and I try to hide it.” (This impression 
might last all day long.) This illusion of ugliness might also apply to the reflection 
of her own face in a mirror, and also to some other people, though not everyone. 

On occasions, and usually at the time when her right hand seemed big and 
ugly, she had an intangible sensation as if someone sinister “ a bad spirit” 
were standing behind her left shoulder. She could not see, hear, or feel this person 
—the impression being an extracampine one, though vivid. 

Lastly (and only for a matter of the last few weeks) she would find that after 
looking at an object she might continue for a minute or two to see this object even 
after its removal. It would persist in her vision no matter in which direction she 
turned her eyes and even if she closed her eyelids. The vision was sharp and vivid 
in appearance, but black in colour—no matter what the real colour of the actual 
object. It seemed to be noticeable more to her right side, and it “worried” her. 
Usually this visual perseveration occurred independently of her attacks of half- 
vision, but always at a time when her “head felt peculiar.” 

Examination revealed no obvious intellectual falling-off, though the mood was 
one of mild depression. There was a trace of retinal arteriosclerosis but no other 
abnormality of the fundus. Visual acuity right 6/24: left 6/36. Fields of vision 
were full peripherally and centrally. The ocular mediz were clear. 

There was no gross neurological abnormality to be detected on clinical examina- 
tion, though possibly the arm-jerks might have been brisker on the right side than 
the left. Blood pressure 160/100; C.S.F. normal in composition; X-ray skull normal 


except for some density of the bony texture of the vault; EEG. “. _. low voltage 
fairly symmetrical unstable alpha rhythm between 8-11 c/sec _ partially blocked on 
visual attention. Some low voltage 4 —7 c/sec. waves are seen on both sides. On 
overbreathing there is an increase in the voltage of the intermediate slow activity, 
and some votes low voltage slower waves appear on the left side only, where 
occasional sharp waves are also seen. There seem to be focal lesion in the left 
frontal region.—23.10.50.” 


Case 7.—1 static in the left temporo-parietal region, causing a right 
homonymous field defect, dysphasia, defective colour recognition, and paliopstc 


hallucinations of actual objects, displaced into the blind fields. (Case No. 8213.) 


F. O., male, aged 65, was under the care of Dr. S. P. Meadows at the National 
Hospital, Queen Square, between 18.2.48 and 22.3.48. 

Six weeks prior to entering hospital he had developed a severe headache and a 
sudden loss of the right half of his vision. These symptoms continued. At first 
they were accompanied by some difficulty in speech—an inability to find the exact 
word he wanted—but this symptom improved. 

The family history was without obvious significance. His past health had been 
good except for occasional attacks of gout. 

Examination showed that he was rather feeble and breathless. Although co- 
operative he was a little confused and dysphasic. His vocabulary was limited and 
occasionally there was a verbal perseveration. The speech was slow and hesitant; 
occasionally he would use an incorrect word without seeming to realize this. His 
ability to name objects displayed to him was imperfect though he obviously knew 
their nature. He could not read easily or accurately and his writing and calculation 
were both defective. No apraxic defects were present. Right/left confusion was 
present, coupled with some finger-agnosia (Gerstmann’s syndrome). 

There was considerable papilloedema with retinal hemorrhages. Visual acuity 
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measured 1/24 1/18 (uncorrected). A right-sided homonymous hemianopia was 
present, almost, but not quite, complete. 

There was a bilateral tremor of the hands and a trace of weakness in the right 
upper limb. Tactile inattention was often demonstrable over the right side and 
tactile discrimination was less accurate over the finger-tips of the right hand. 

The arm-jerks were brisker right than left but otherwise no abnormality or 
asymmetry in the reflexes could be detected. 

In the intact left visual field there was some dyschromatopsia and also some 
visual disorientation. 


Visual perseveration.—On four occasions before admission to hospital, paliopsic 
allozsthetic hallucinations had occurred : 

(1) A letter from his son which he had placed upon a table to his left, kept 
floating about within the blind half of his field, both above and below the meridian. 
“I saw this envelope on the floor, on the ceiling, and on the walls.” This pheno- 
menon continued on and off for about two days. 

(2) In the street he passed his neighbour’s little dog. At the end of the road he 
told his wife he could still see the dog (though actually it was no longer in sight). 
This hallucination kept reappearing over the course of the next three or four days, 
always in the blind field. 

(3) Similarly a cat noticed in the street, kept reappearing in a hallucinatory 
fashion over the next few days. 

(4) After having caught sight of his grandchild’s toy cash register on a table in 
the room, he kept seeing a vision of this object in his blind field for some days. 
The “phantom toy” was tipped up on end. 

Electro- encephalography revealed a gross disturbance in the rhythm of the left 
hemisphere—suggestive of a space-occupying lesion. Skiagraphy of the chest showed 
a rounded opacity in the right lower zone, which was thought to be a secondary 
deposit. Cerebrospinal fluid: initial pressure 300, cells nil, protein 0-210 gramme 
per cent, Nonne-Apelt and Pandy tests positive, Lange 0011110000, W.R. negative. 

After the patient left hospital, his progress was not followed. 


LITERATURE 


It may be said that the relative literature is meagre in so far as it 
telates to focal disorders of the cerebral hemispheres. There are records 
of similar occurrences in relation to the complicated visual hallucinations 
and illusions of mescal intoxication. Under the influence of this drug, a 
medley of visual bizarrities can occur which may prove difficult of analysis. 
Hallucinosis coupled with metamorphopsia are most striking and among 
the latter one may at times read into the descriptions a hint of what we 


are calling visual perseveration in space. Two or three instances can be 
quoted from Kliiver’s monograph (1928). In one case . . . “a patient came 
to the window and laughed. When he left there seemed to be two. 
Suddenly I saw that the mirror image of these two ran away in the 
opposite direction.” Again: “I fixated a spot on the ceiling where I 
noticed some small flies and cobwebs. All of a sudden the number of 
the flies seemed to increase.” Yet again: “M. passed me on my left side. 
I saw nothing but a part of his cloak. Automatically it turned into the 
whole figure of M.; and I had now some sort of idea that a large number 
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of M.s moved away from me in a curved line, the M. in the foreground 
being the smallest one. I was unable to say whether it was a very strong 
image or a vision; phenomenally, the many M.s were projected with the 
perceived space of the dark room.” The study of mescal hallucinations in 
artists made by W. S. Maclay and E. Guttmann (1941) includes a reference 
in point, together with an illustration (their fig. 7). “. . . the artist observed 
that everything he hallucinated seemed to elongate itself in whatever 
direction he turned his attention. When he tried to draw the man’s arm, 
it grew longer and longer and continued into the cathedral which he held 
in his hand. The cathedral continued into the spire, the spire into the 
cross and its ends into air lanes, which are given in an inset to the left 
of the main figure. The horizontal beams of the cross also show this 
tendency to elongation. It is interesting to see how the cathedral appears 
again on the head of the man, though it is not elaborated there. The 
artist stopped drawing because he was overwhelmed by the way in which 
the shapes continued indefinitely.” 

In a personal communication an informant has written me another 
account of mescal intoxication which is rather suggestive of the other 
type of visual perseveration, i.e. in time. 

.. «While waiting in the Circus for a bus she was astonished to see, 
walking among the traffic, several large camels, and realized that the drug 
(i.e. mescal) at least was having an effect. The whole of Piccadilly became 
a desert, but even then she was able to get her bus, although the conductor 
became an Arab. She arrived home safely, but at intervals, when she 
looked at any particular place steadily it became a desert peopled with 
camels and Arabs. This type of vision, or hallucination, continued for 
several hours.” The next day the subject was astonished to learn from her 
brother that on the evening before a number of camels from a circus had 
actually paraded through Piccadilly at the time she was passing. 

Leaving aside such unsatisfactory data as is afforded by the literature 
of drug intoxication, one may turn to instances of focal cerebral disease. 

The most recent mention of a case where visual perseveration occurred 
is to be read in the paper by J. M. K. Spalding and O. L. Zangwill (1950). 
Their patient had sustained a penetrating wound of the skull, the metallic 
fragment entering the left parieto-occipital region, traversed the brain and 
came to rest half an inch above the petrous temporal bone on the right 
side. Residual defects included a disorder of speech, a disorder of spatial 
recognition and a right homonymous hemianopia. The authors were 
chiefly interested in his impaired visual memory which involved his topo- 
graphical sense, interfered with his ability to draw from memory, and 
which led to an upset in his formal numerical imagery. Their patient 


also developed occasional epileptic fits before the first of which there had 
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been a complicated visual aura. This occurrence reminded him that “while 
in hospital he occasionally ‘saw things twice’ in the right half field. For 
instance, immediately after passing through a doorway the image of the 
right door jamb would return for a few seconds.” No other examples 
were narrated. 

The occurrence of visual perseveration, both in space and in time, was 
first specifically described by M. Critchley (1949-50) in the course of a 
paper dealing with metamorphopsia of cerebral origin, and three of the 
seven case-reports described in this paper were then also quoted. In the 
literature dealing with visual (or optic) allozsthesia, something analogous 
to visual perseveration may also occur, for, in such cases, the recognition 
or perception of the stimulus-object may take place not only inaccurately 
as regards space, but also as regards time. It is noteworthy that the fourth 
and seventh patients recorded here showed on occasions well-marked 
allozesthesia in the visual sphere. 

P. K. Robinson and A. C. Watt (1947) described two post-traumatic 
syndromes where complicated focal attacks of a visuopsychic character 
took place. In the first of the two patients, a soldier with a gunshot wound 
of the left parieto-occipital area, an unusual incident occurred which seems 
to be of a visuo-perseveratory type. The patient, seated at the back of a 
stationary lorry, was idly watching a man approach and then pass by. 
After watching him the patient turned his head back again, and then 
seemed to see the man walking towards him again. The vision was of 
the same size and shape, of the same clarity, as the original object; it 
lasted a second or two and then abruptly faded. There was only one 
other similar incident; when reading, it seemed to the patient that the 
last letter of the line went off the page to the right . . . “as though the 
letter had been printed on the eye.” 

It is possible, though not certain, that some of the visual experiences 
narrated by O. Faust (1947) might be perseveratory in character. The 
patient who suffered from the effects of a through and through parieto- 
occipital head injury, developed many complicated visual symptoms after 
an initial period of complete blindness. During this time of restoration 
of function, an incident occurred in which he ate a plate of cherries. The 
number of cherries seemed to be constant until he ate the last, whereupon 
the plate suddenly became empty. 

Some of the cases of polyopia or monocular diplopia of cerebral origin 
described by M. B. Bender (1945) may belong to the category in which 
we are concerned. His second patient seems especially significant in this 
connexion. The case was one of a gunshot injury to the right occipital 
region. The patient found that when he focused upon an object, it tended 
to become blurred and also duplicated. Jt would wax and wane, and the 
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more he tried to distinguish it the worse the diplopia became. Within a 
few seconds it would spread in a horizontal row to the right and become 
multiple. The various images were arranged in parallel series, close to 
one another, and they were all of the same size. Bender attributed this 
and other relative subjective disorders to a defect in the mechanism of 
fixation. The description is suggestive, however, of a visual perseveration 
in space, or “visual spread.” 

Alexandra Adler (1944) reported a follow-up study of her interesting 
patient with visual agnosia. The story dated from the Boston Cocoanut 
Grove disaster of 1942, where she was crushed and so developed a cerebral 
anoxia with special detriment to her highest visual faculties. She was 
totally blind for two days. Then she began to discriminate white from 
black. There was a visual agnosia for objects, persons, pictures, and 
written words (though she could write). A complete acalculia was also 
present. For the first two weeks she was excited, displaying a flight of 
ideas, motor and verbal reiteration, echolalia and echographia. Adler’s 
subsequent tests showed that the patient, although improved, was afflicted 
with that type of visual agnosia which Lissauer called “apperceptive,” as 


opposed to “associative.” In addition there was a novel defect, namely 


a tendency for optic impressions to superimpose themselves upon succeed- 
ing ones—a phenomenon which the author equated with psychomotor 
and verbal perseveration. Thus when shown a series of symbols one after 
the other, viz. 9, 8, B, W, the patient named them “Capital A,” “9,” “8” 
and “Capital B.” The author referred to similar observations by von 
Stauffenberg (1914) and by Heidenhain (1927). In her latest paper dealing 
with her patient (1950) no further mention of visual perseveration was 
made. 

G. Holmes (1931) has referred to an analogous incident in his case- 
report of an occipital angeioma. The patient (who represents Case | in 
our series) stated that on three occasions, at intervals of half an hour on 
the same day, after someone had walked past the foot of the bed from 
left to right, she had had the illusion that the person went by again. 

Heidenhain’s paper (1927) is not altogether satisfactory in this connec- 
tion, though his case is accepted by Adler as having shown visual 
perseveration. His patient, a man of 45, developed a cerebral embolism 
in consequence of which he developed visual agnosia (“Seelenblindheit’). 
The notes record his replies when asked to name a series of articles. Some 
of his replies were correct, others were hesitant, others quite inaccurate. 
Sometimes he arrived at his conclusion only after making constituent 
portions of the given object. Adler believes that the nature of some of 
his wrong answers was determined by the objects which were previously 
shown to him. This may be so, but Heidenhain did not make this point 
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at all clearly and in any event he does not seem to have been aware of 
the presence of a visual perseveratory process—if indeed one existed. 
Practically his only comment relative to our problem is when he wrote... 
“The patient was always inclined to call objects ‘handle’ . . . because in 
the picture book which was used, there were many tools and so he 
frequently had had previous opportunities to name objects ‘handle’.” 

Von Stauffenberg (1914) in his detailed study of two cases of mind 
blindness described in his second patient a phenomenon which may be 
relevant to our present problem. There was a great slowness in the recog- 
nition of objects displayed one after another. Here and there the patient 
proffered the name of an object which had been shown him a little while 
back. On that earlier occasion he had failed to identify the object and 
the examiner had not supplied the name. This author referred to earlier 
cases of Henschen (1910) and of Lissauer (1890). 

Here again perusal of the quoted article by Henschen (1910) does not 
bring to light any reference to this phenomenon. Von Stauffenberg referred 
to “Henschen’s Case 18” but this must have been described elsewhere, and 
the reference given by von Stauffenberg is inaccurate. 

The case-report made by H. Lissauer (1890) is, of course, the classical 
one which was among the original few instances of the so-called “Seelen- 
blindheit” or visual agnosia, as it is more commonly termed. Lissauer’s 
patient was a man of 80 years with a three-year story of vertiginous attacks, 
followed by transitory weakness and difficulty with speech. For a year 
he had been more forgetful, and there was an increasing tendency for him 
to’ mistake objects. After being caught out of doors in a storm he took 
to his bed and said two or three days later that he could not see so well. 
This was the beginning of his visual agnosia. In the course of the detailed 
clinical examination, Lissauer found that once a definite and clear percept 
came vividly into the patient’s consciousness, occupying his attention for 
some time, he would then betray a tendency to “carry on” for a while this 
image to all objects subsequently shown to him, and which he would not 
be able to recognize because of his mind blindness. Thus if once the 
patient succeeded in recognizing an object—with or without assistance— 
he might call succeeding objects by the name of the first article. For 
example, he had called an umbrella a “flowerpot” and a leather trunk a 
“cat” but both a flowerpot and a cat had been identified shortly before- 


hand by the patient. 


Although this curious mistake brought up at once the analogy of a 
verbal perseveration, it is important to note that Lissauer’s patient was not 


aphasic. 
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Discussion 

The personal cases recorded, taken in association with the few cases 
in the literature, show that visual perseveration is far from being a uniform 
or clearcut symptom. As already stressed, it comprises two large groups 
according as to whether the perseveration is a temporal or a spatial 
phenomenon. Only exceptionally are the two types associated in the same 
patient. 

Usually the perseveration cannot be demonstrated at the bedside on a 
given occasion. Occasionally it can, as for example in Case 4, as well as 
in the patients reported by Adler and by Lissauer. In such patients one 
needs carefully to exclude certain spurious factors which might unwittingly 
lead to the incorrect diagnosis of visual perseveration. First an aphasic 
defect may be present, and a purely verbal perseveration may cause a 
mistaken diagnosis. This is a trap which needs to be recognized and 
excluded. Especial difficulty arises when a mild aphasic disorder is present 
but which does not account wholly for the phenomenon in question. 
Our fourth patient had had a speech loss in the past but his vocalization 
at the time of his entering the National Hospital was almost, though not 
quite, normal. 

Secondly, it is essential to exclude the factor of guesswork on the part 
of the patient, and still more a will to deceive, or even a desire to please 
the examiner by proffering an answer which might be thought to be 
expected or welcomed. 

A study of the table (see p. 295) shows that in cases where there is 
focal disease of the brain the two types of visual perseveration are mainly 
associated with posteriorly situated lesions. There is, indeed, only one 
exceptional case, namely No. 6, which concerned a chronic epileptic. The 
instances of mescal intoxication are, of course, not helpful in this con- 
nexion. The brain lesions may be right-sided, left-sided, or bilateral. In a 
number of instances gross defects were present in homonymous half-fields, 
while in some others the defects were qualitative, incomplete and incon- 
stant. In two patients only (Cases 5 and 6) were the visual fields full 
quantitatively and normal qualitatively. There were many patients in 
whom complicated visuo-psychic defects were simultaneously present. 
For example, in Case 3 a progressive deterioration of vision eventually 
led almost to a condition of blindness, while in Adler’s patient, and in the 
case recorded by Faust, a condition of sudden loss of vision gradually gave 
Way to a state of incomplete restoration in which agnostic defects were 
conspicuous. As might be expected, the most florid instances of visual 
agnosia (or mind blindness) were found in the cases where bilateral lesions 


were present. 
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The common occurrence of associated visuo-psychic disorders— 
especially such as occurred in Case 4—arising out of a background of 
normal intelligence and adequate educational level, and associated with 






a striking degree of organic repression, adds greatly to the task of evaluat- 






ing both the nature and meaning of the visual perseveration. On the one 






hand it might be looked upon as representing yet another focal “outfall” 





symptom, due to the localized loss of significant cerebral tissue—i.e. a 






symptom comparable with the dyslexia, the visual disorientation, or the 






field defect. Alternatively, the visual perseveration might be regarded 
as a confabulatory effort upon the part of a bemused but introspective 






patient to interpret what he experiences but does not comprehend. It 
might, in other words, be a mode of adaptation of the individual to the 







effects of numerous, diffuse, or widespread cerebral lesions. In itself, then, 






it would be without focal significance, though arising in consequence of 
focal disorder. In Hughlings Jackson’s terminology, the visual persevera- 






tion might then be looked upon as a positive phenomenon and not as a 





negative outfall manifestation. (Jackson’s “positive” signs of cerebral 






disease in themselves comprise manifestations of two different orders, viz. 






release symptoms, and symptoms of general adaptation of the organism. 
The former are manifestations of a relatively simple physiological kind, 
the latter being understandable only along psychological lines.) 

There is yet a third possibility, namely that the phenomena which we 


interpret as visual perseveration, might be illusory in origin—later 









becoming hallucinatory—due simply to the utter visual disarray of the 






objects in space around the patient. Low visual acuity; defective colour 
discrimination; raised threshold for visual recognition; metamorphopsic 
distortion of surrounding objects—when occurring together, and when 
affecting an individual with poor insight, might set the stage as it were, 
for a large number of errors in visual recognition, which are described not 









by a process of guesswork, but as accurately as lies within his power. In 
this way it is conceivable that an object of high luminosity or of high 
optical significance, may appear to transgress its actual frontiers and to 








spread on to contiguous areas should they happen to be of lower luminosity 
and of less optical significance. Hence, perhaps, the perseveration in 
space of our third patient who saw the pattern of a bystander’s cretonne 
frock spread so as to involve the face and arms. Then again an object— 
eventually identified, perhaps after prompting—may continue to appear 
after it has been silently removed, almost in the way of an after-image. 
The use of the word “after-image” is intended not to refer to the ordinary 
physiological phenomenon which is mediated in part at least at a retinal 
level, but rather a perseveratory lingering on of a concept which has 
eventually been grasped after a considerable difficulty and delay. The 
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object is shown: at first it is not seen at all: then perhaps it suddenly 
emerges out of the surrounding obscurity, as a vague shadowy identifiable 
shape. Eventually its real nature is discerned, perhaps by dint of long 
inspection, perhaps by recourse to other sense modalities, perhaps only 
after prompting on the examiner’s part. The mental idea so painfully 
built up has now become an impression. As von Stauffenberg put it, the 
visual cortex, or psyche, is “saturated” for the time being and no further 
impressions can get through. The object is now removed, unknown to 
the patient, but the suggestion of its continued existence is great— 
sufficient indeed to lead to an hallucinatory prolongation, or perseveration 
in time. To this mechanism must be added the facts that figure and 
background (in a purely visual sense) are not readily distinguished; and 
secondly that there may also be -present a process of ideational inertia or 
mental viscosity. 

The analogy may be given—merely in illustration—of a navigating 
officer at night on the bridge of his ship, scanning the horizon with his 
binoculars, peering not only through the darkness but also through a 
dense mist. Surrounding objects, e.g. harbour lights, may be picked up 
only with much difficulty and perhaps delay. The lights may appear to 
be there—in a mirage-like manner—even for a moment or two after they 
have been extinguished. Or, perhaps it would be more accurate to say, 
the officer persuades himself that the lights are still twinkling and he will 
not, at first, admit the possibility of their being no longer visible. 

In two of our patients at least, Cases + and 6, the paliopsia appeared 
almost certainly as an epileptoid phenomenon. At such times the patient’s 
sensorium was clouded and his subsequent recollection of events not 
altogether clear. These two case reports are strikingly analogous with one 
incident recorded by Robinson and Watts, again in all probability the 


expression of a discharging lesion resulting from focal brain damage. In 


our Case 4 for example, on the third occasion in which paliopsia for 
printed symbols had occurred, his consciousness was clear enough for him 
to accelerate his car and pass the one in front, and then for him to draw 
into the curb, stop, and make a pencil note of the number-plate. Subse- 
quent perusal of the note showed that his sensorium had been clouded 
sufficiently to cause him to make unintelligible scrawls, though he 
imagined he had acted normally. In our sixth patient, the visual per- 
severation of objects seen was also a quasi-epileptic manifestation, but the 
characteristics suggest an after-image of enhanced vividness and 
persistence. 

The verbal perseveration (paliopsia) of those patients with defective 
recognition of objects, can be mimicked by normal individuals under 
experimental test conditions. F. Sander (1928) ,has found that when 
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normal persons are very briefly exhibited test objects by means of high- 
speed tachistoscopy, certain defects appear in the perception which are 
comparable with the difficulties experienced by brain-injured patients 
whe: tested at slow speeds. Under these unusual conditions of very fleeting 
exposures, the normal person may find difficulty in attending selectively 
to one or other aspect of the peripheral stimulus. In such circumstances 
he tends to perseverate in his responses—to become “stimulus-bound” as 
Goldstein might say. This experimental perseveration may perhaps throw 
light upon the phenomenon of paliopsia, as found in cases of parieto- 
occipital disease as emphasised by the work of K. Conrad (1947 a, b, c) 
who has sought to identify a basic disturbance after brain injury which 
might prove applicable to cases of visual agnosia, aphasia, and hemiplegia. 


Some of the perseveratory phenomena have an analogy in a common 
experience in normal persons especially those cases where there is a revoca- 
tion of a well-remembered object or of an object which bears some strong 
emotional association with the patient (e.g. Case 2 and possibly Case 5). 
One refers to the occurrence of pseudo-recognitions in a normal subject, 
who, having a particular person very much in mind, or in a peculiar 
emotional relationship, or having recently met that person after a long 
interval, not infrequently begins to imagine he can see that person in the 
street among the passers-by. A more careful scr iny reveals the error, 
and demonstrates that the similarities in build, colouring and appearances 
are, after all, quite superficial. A condition of impaired visual acuity— 
whatever the origin—would obviously assist in the cropping up of such 
pseudo-recognitions. 

It is perhaps worth recalling that after posteriorly situated brain 
injuries, Bender and Teuber (1946, 1947) have found abnormal types of 
behaviour in the case of negative after-images. These may fade unduly 
rapidly; but on the other hand they may act in a contrary fashion and 
persist in a mind of perseveratory fashion. 

Lastly, one may refer to the association of episodic paliopsia, with optic 
allozsthesia, that is, displacement in an illusory (later an hallucinatory) 
fashion from the correct visual field into the opposite. This projection 
usually occurs from the intact to the blind half-field. Beyer’s classical 
description (1895) of visual allozsthesia, occurring in the course of a 
migraine, does not make it clear whether objects were simply dislocated 
from one visuai field into the other, or whether the true object “persever- 
ated” like a hallucination, long after it should have acted as a stimulus. 
The same doubt attaches itself to the case of visual allozsthesia recorded 


by Herrman and Potzl (1928). 
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THROMBOSIS OF THE BASILAR ARTERY AND THE 
VASCULARIZATION OF THE BRAIN STEM 
BY 
A. BIEMOND 


(From the Neurological Clinic, University of Amsterdam) 


THRoMBosis of the basilar artery is regarded as rare, and its clinical 
diagnosis difficult. The first mention of clinical cases to have been 
anatomically verified are those of Leyden (1875) who described 2 cases 
both due to syphilitic luetic endarteritis. Marburg (1911) published a 
clinical and anatomical analysis and tried to differentiate between an 
occlusion of the oral-, middle- and caudal part of the basilar artery, an 
attempt which in the light of our present knowledge was unsuccessful. 
Pines and Gilinsky (1932) were the first to publish a case in which the 
brain-stem was examined in serial sections. Meantime it had been proved 
that occlusion of the basilar artery might be caused not only by syphilis 
but as often, if not more frequently, by arteriosclerosis. Lhermitte and 
Trelles (1934) pointed out that of all the cerebral vessels the basilar artery 
is the most frequently affected by arteriosclerosis. In their case-histories 
the only cases showed uni- or bilateral-paramedian areas of softening, 
caused by thrombosis of the lateral branches of the basilar artery, and 
not occlusion of the main vessel itself. Kubik and Adams (1946), from 
the post-mortem material of two hospitals in Boston, collected 25 cases of 
occlusion of the basilar artery, found once in a series of 300 post-mortem 
examinations. In 7 of these cases no clinical data were available. The 
other 18 cases, of which 11 were due to thrombosis and 7 of embolic nature, 
were described in an extensive clinico-anatomical study. In each case 
the extent of the occluding thrombus or embolus was carefully noted, and 
also the limitation of the consequent areas of softening in the brain-stem. 
The only defect is that these areas were mainly assessed by macroscopical 
appearances, no single case being cut in serial sections. The clinical data 
lacked completeness. 

Notwithstanding this, the range of material is impressive and it is 
clear that occlusion of the basilar artery occurs more frequently than 
previously supposed. An accurate clinical diagnosis is rarely or never 


made, although, according to Kubik and Adams, this should be possible 
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in many cases. They point out that in almost every case unilateral and, 
later, bilateral pyramidal symptoms occur, frequently also pseudo-bulbar 
symptoms, disorders of the pupils and paralysis of conjugate eye move- 
ments. They further point out that the level of consciousness may be 
variable and that the patient in the acute phase of the occlusion may be 
fully conscious, drowsy or fully unconscious. Finally they mention having 
seen temporary remissions, and believe on clinical grounds that the possi- 
bility of a cure may be assumed. 


My own experience is comparatively small compared to that of the 


American observers, and comprises only 4 clinical cases which were 
anatomically verified. The third case is of a very exceptional kind while 
in the fourth case not only was the diagnosis made clinically but also the 
brain-stem including the cerebellum examined on serial sections, and this 
permitted precise deductions concerning the vascularization of the brain- 
stem. The first 2 cases will be described in short, the third and fourth 
cases more extensively. 

Case 1—A 42-year-old man was admitted on June 7, 1936, to the neurological 
department. For six weeks he had suffered from dizziness, which became pro- 
gressively worse. On June 6 he suddenly had a mist before his eyes which gradually 
disappeared again. On the following night he awoke and was found to have a 
paralysis of the left side of his body. At that time he still spoke normally. On 
June 7 he began to vomit, gradually became drowsy and finally comatose. He was 
found to have a tetraplegia, the eyeballs continually undulated from the middle 
towards the left and back, and his narrow angular pupils reacted badly to light. 
As a scar was found on the penis a preliminary diagnosis was made of syphilitic 
thrombosis of the basilar artery, but intravenous injection of 600 mg. of neosalvarsan 
had no therapeutic effect whatsover. The clinica] picture remained unchanged until 
the patient died on June 9. 


CASeTl. 


] 


Fic. 1—Thrombosis of the basilar artery in Cases | and 2. 


At the post-mortem examination a fresh occluding thrombus in the oral part 
of the basilar artery was found (fig. 1), and on microscopic examination proved to 
be caused by a syphilitic endarteritis. Sections of the cerebrum, cerebellum and 
brain-stem showed no clear abnormality on naked-eye examination. 
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Case 2.—A 56-year-old man was admitted on November 1, 1949. For months 
he had suffered from headaches and dizziness, and fleeting diminution of visual 
acuity. On November 6 his headaches became very intense. During the next night 
he became totally blind. In this condition he was admitted. His blood pressure 
was 190/115 decreasing on the following day to 130/95, and his vision was apparently 
restored. A right-sided homonymous hemianopia was present until November 9 
when it cleared up. For a few days there was amnesia for recent occurrences and 
disorientation in time and person. A diagnosis of bilateral spasm of the posterior 
cerebral artery was made, combined, it was thought, with small areas of softening 
in both occipital lobes. On November 8, the patient was discharged in good con- 
dition and symptom free. On December 6, however, the headaches recurred and 
increased during the next day, with nausea and defect of vision. Rest in bed gave 
temporary relief, but suddenly the headache increased violently, he lost consciousness 
and in this condition he was admitted to hospital for the second time on December 
8. The arms and legs showed no spontaneous movements, did not react on pin- 
pricks and, on being lifted, fell flaccidly. The pupils did not react to light, the 
right being very narrow and the left one widely dilated. The corneal reflex was 
absent on the right, decreased on the left. The tendon reflexes were symmetrical, 
and the plantar reflexes extensor in form. A marked peculiarity was, that on slight 
rotation of the head, breathing became irregular and hiccoughs occurred. These 
symptoms disappeared as soon as the head was returned in the original position. 
About twelve hours after admission the patient died, having vomited copiously 
during the last few hours. The clinical diagnosis was: apoplexia cerebri. On post- 
mortem examination there were small areas of softening in both occipital lobes in 
the area striata and in the right cerebellar hemisphere, the white matter remaining 
intact. In the basilar artery, just in the middle, an old, not completely occluding, 
thrombus was found upon which an obviously recent thrombus had been deposited. 
This had apparently occluded the entire lumen of the artery (fig. 1). It seemed 
likely that the partial, old, occlusion had caused the bilateral- occipital softening 
(admission of November 7), while the fresh total occlusion had led to coma and 
death. 


The third case was exceptional in character. 


A 39-year-old woman was admitted to the neurological department on 6.10.49. 
For two years she had noticed a gradually increasing deafness of the left ear, and 
for one and a half years a tendency to fall when she turned suddenly. Six months 
before admission she developed a lurching gait; headaches, vomiting and gradual 
decrease of vision were added to these symptoms during the last few months. She 
had also noticed for some time that the left side of the face felt peculiar. On 
clinical examination the following signs were found: bilateral papilloedema with 
diminished visual acuity; marked deafness on the left side; diminished irritability 
of the left labyrinth; hypesthesia in the region of the left trigeminal nerve with 
absence of the left corneal reflex; peripheral paresis of the left facial nerve; 
spontaneous nystagmus on conjugate deviation to either side, as well as on looking 
upwards; left-sided ataxia of cerebellar character, also marked ataxia on standing 
and walking. X-ray examination of the skull was negative. The diagnosis of left- 
sided acoustic neurinoma was made. 

At operation (Dr. W. Noordenbos), 12.10.49, upon opening a cerebrospinal fluid 
cyst in the left cerebello-pontine angle cystic acoustic neurinoma was found. The 
contents were removed by suction. Subsequently the tumour was cut loose from 
the internal acoustic meatus, the facial nerve deliberately sacrificed and the upper 
and lower pole of the tumour dislocated. In liberating the lower pole a profuse 
hemorrhage from a large artery occurred, which could only be stopped with great 
difficulty by putting silver clips on the vessel (about 10 a.m.). It was already noticed 
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that the patient did not answer questions, and when she returned to the ward a 
complete anarthria and tetraplegia were found, the patient not being in coma and 
able to follow the nurses with her eyes. The pupils were equal. About an hour 
later she became unconscious and died at 2 p.m. 

At post-mortem examination it was found that the basilar artery was completely 
occluded at the proximal part by three silver clips (fig. 2). Apparently the brain- 


Ee 
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Fic. 2.—Ligation of the basilar artery in Case 3; thrombosis of the basilar artery 
and the left vertebral artery in Case 4. 


stem, through pressure of the tumour, had rotated so that the basilar artery had 
presented in the field of operation. The brain-stem showed no naked-eye abnorm- 
alities. The cerebrum looked normal on section, with the exception of the right 
occipital pole in which a small area of softening the size of an orange pip, 
surrounded by some fresh hemorrhages, was found. The pons was cut in serial 
sections and stained by Nissl and Weigert-Pal. No abnormalities in fibres and cells 
were found, and no ischemic changes of the cells of the type of Spielmeyer, but 
it must be noted that between the occlusion of the basilar artery and death only 
four hours had elapsed. Pressure of the cerebello-pontine tumour had also apparently 
not led to morphological changes in the pons. 


The fourth case is, without-doubt, the most significant one. Its clinical 
development was followed from hour to hour, and the morphological 


changes minutely delimited. 


Case 4.—A 62-year-old woman. She had complained for a number of years of 
recurrent attacks of dizziness of a typical vestibular character. During the last 
week of December 1949 and the first week of January 1950 the dizziness was almost 
permanent, so that she had to walk very carefully and to seek support. Nevertheless, 
she continued with her household duties. In the early morning of January 7, 1950, 
an acute cerebral disorder appeared. The development of this could be followed 
minutely thanks to the exact time-recordings of her husband. At 5 a.m. the patient 
woke up and went to the lavatory to micturate. When she came back she was still 
walking normally but on getting back into bed she became unable to move her 
right arm and right leg. Speech was then still normal. At 7.45 speech became 
somewhat less clear, and by 9 o’clock, when her doctor arrived, she had a marked 
dysarthria. By this time the movements of the right arm and leg had largely 
returned, but now the left arm and left leg showed marked signs of paralysis. 
Consciousness meantime remained perfectly clear. At 11.30 the condition changed 
anew. At that moment the right half of the body became again completely 
paralysed while the power returned in the left arm and the left leg. Dysarthria 
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remained. I saw her at 4 o’clock in the afternoon. She then exhibited the following 
main symptoms: dysarthria; dysphagia; complete right-sided hemiplegia including 
the lower part of the face; left-sided hemiparesis; and bilateral extensor plantar 


reflexes. 

Further, there was bilateral palatal weakness and the motility of the tongue was 
slightly impaired. Sensation, and the ocular movements were unchanged. There 
was no nystagmus. Pupils and fundi showed no abnormality. The diagnosis of 
thrombosis of the basilar artery was made. Thar same day at 6 p.m. she was 
admitted to the neurological department. In the beginning the neurological picture 
changed little. Speech remained poor but she could just be understood. Dysphagia 
was prominent but with care she could still be fed in the normal way. The tempera- 
ture was normal, there was a slight increase in pulse-rate (100), and sclerotic changes 
of the peripheral vessels. The blood pressure was 180/105. The heart was slightly 
enlarged towards the left. On auscultation there was a flapping second aortic sound 
and a systolic murmur at the apex. Urine, sedimentation rate and blood picture 
were normal. The syphilitic reactions were negative. Lumbar puncture was not 
done. Treatment with dicumacyl and heparine was started, but without result. 

On January 16 in the early morning there was an acute change for the worse. 
The left arm and left leg and the left lower face became totally paralysed. At the 
same time the dysarthria became a complete anarthria and the dysphagia a complete 
aphagia. From this moment, no word, not even a sound could be uttered voluntarily 
and not the slightest movement of swallowing could be made. Feeding was only 
possible by tube. Even the trunk musculature was paralysed, though limited rotation 
of the head was possible. Of the motor cranial nerves the seventh, ninth, tenth and 
twelfth were completely inactive. Closure of the eyes, and chewing movements 
remained possible. The masseter-reflex was brisk. Typical, monotonous, compul- 
sory crying, was seen several times. Even yet sensation and movements of the eyes 
remained completely intact. The pupils remained equal in size and _ reacted 
normally; no nystagmus occurred. During the next weeks the condition remained 
unchanged. On February 6 the temperature began to rise and symptoms of 
pneumonia of the right lower lobe appeared. On February 7 the patient, who 
remained perfectly conscious until the end, died. 

At autopsy (the brain only was examined) the clinical diagnosis was confirmed. 
Both vertebral arteries and the basilar artery showed marked arteriosclerotic changes. 
The left vertebral artery was more deve'yped than the right and appeared to be 
closed just before joining the basilar art vy by an atheromatous mass of one-third 
of an inch in length, just above the branch of the posterior inferior cerebellar artery. 
Further, the basilar artery was also occluded for a length of nearly an inch in the 
caudal part. Microscopic examination confirmed the diagnosis of an obstructing 
thrombus. The thrombus in the left vertebral artery was clearly older than the 
one in the basilar artery. Both carotids were sclerosed but the lumen was every- 
where well preserved, and in some places even locally dilated. The cerebrum showed 
no naked-eye abnormalities. The brain-stem was examined in serial sections (stained 
alternately Weigert-Pal and hzematoxylin-eosin) from the decussation of the pyra- 
midal tracts to the mesencephalon. In the upper part of the cervical cord and in 
the medulla oblongata no significant changes were found, neither in the fibres nor 
in the cells. The nuclei of the various cranial nerves including those of the facial 
and abducent nerves were entirely normal. The pyramidal tracts, mesial fillet, the 
spinal trigeminal root, the spino-cerebellar tracts, the tractus thalamo-olivaris, the 
fasciculus longitudinalis medialis and dorsalis (Schiitz) showed no abnormalities. 
The dorsal and medial accessory olives were also normal. Only in the medial ventral 
part of the oral portion of the main olive a peculiar change in structure was found. 
In the Weigert-Pal section this part was swollen and a partial demyelinization of 
the olivo-cerebellar fibres, running through this section, seemed to have taken place 
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Fic. 3.—Swelling of the medial part of the left inferior olive (Weigert-Pal). 


(fig. 3). In the sections, stained for cells, of the oliva inferior a partial destruction 
of the cells was seen to have taken place, while the cells which remained intact 
showed a swelling of the cell body with degenerative changes of the cell structure. 
It would be possible to speak of a pseudo-hypertrophy of the most forward part of 
the medio-ventral portion of the main olive. This pseudo-hypertrophic focus has no 
direct contact with the area of softening in the pons, which will now be discussed. 
As soon as the pons becomes visible in the section at the cranial end of the 
medulla oblongata encephalo-malacia is seen (fig. 4). This begins on the left side 


Fic. 4.—Beginning of the softening in the pars basalis pontis (Weigert-Pal). 


but in the more cranial sections it is also present on the right side. In the posterior 
part of the pons only a small part is destroyed by irregularly delimited areas of 
softening, and the pyramidal tracts almost free (fig. 5). A little more forward, 
cranial to the exit of the nervi abducens, the main portion of the basilar part of 
the pons is destroyed by a bilateral focus in the mid-line. The tegmentum pontis 
remains entirely free, except for a circumscribed spot on the left side where a small 
offshoot of the focus reaches into the medial part of the left mesial fillet (fig. 6). On 
the slide where the pontine softening reaches its greatest extent, nearly all nerve 
cells, in the reticular, dorsal, interpeduncular, lateral as well as the ventral parts 
are destroyed. The pontine fibres as well have mostly disappeared here. There 
is no cyst formation and no blood pigment. In the completely softened parts a 
structureless mass of detritus is seen in which here and there some scavenger cells 
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Fic. 5.—Bilateral 


Fic. 6.—Maximal extension of the softening (Weigert-Pal). 


are visible. Next to this many areas are found in which completely myelinated 
fibres can be recognized. 

Continuing the series more cranially the focus of softening decreases rapidly 
both on the left and on the right side. Just past the exit of the trigeminal root 
it disappears completely. We may say therefore that the softening is limited to 
the caudal half of the pons and there confined to the basal part. In the sections, 
stained for the fibres, of the cranial part of the pons, a number of demyelinated, 
secondary degenerated, fibres are visible, mostly in the pars profundus, no doubt 
belonging to the ponto-cerebellar projection system. They decrease rapidly in 
number cranially. In the most cranial part of the pons no single abnormality can 
be found. The outlines of the brachia conjunctiva are normal. The mesial fillet 
shows no signs of secondary degeneration. The mesencephalon also is completely 
normal. On serial sections of the cerebellum a focus of softening appears, confined 
to the left side (fig. 7). This has a peculiar outline. In the posterior part of the 
left hemisphere it shows up as a tape-like area occupying about the middle of the 
frontal section and reaching frem below lateral to dorsomedial. In the more cranial 
sections the latero-ventral part of the focus of softening gradually becomes smaller, 
whereas the medial part, reaching into the vermis, gradually occupies a more dorsal 
position. Topographically the focus occupies the largest part of the superior and 
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Fic. 7.—Cyst in the left cerebellar hemisphere caused by softening in the region of 
the interior inferior cerebellar artery (Weigert-Pal). 


inferior semilunar lobe, the lobus biventer and gracilis, the tuber and pyramis of 
the vermis and a part of the flocculus. The cerebellar white matter and nuclei are 
intact. As regard the nature of this softening it is possible to distinguish three 
forms of change of structure: 


(1) The centre of the focus has become cystic and all structure has disappeared 
(fig. 7). 

(2) Around this, the cerebellar gyri have remained intact but are clearly narrowed 
(secondary microgyria); the lamina granulosa here has been largely destroyed and 
replaced by a structureless white mass, the Rapes cells have disappeared, the 
lamina molecularis shows little change (figs. 8 and 9). 


(3) In the most peripheral parts of the area of softening the gyri have retained 
a normal configuration, but all Purkinje cells have disappeared. Such gyri could 
be found especially in the tuber and pyramis of the vermis. As has already been 
pointed out, this softening was on the left side. Curiously enough this disappearance 
of the Purkinje cells was also found on the right side, but only in a few gyri of 


the vermis (fig. 10). 


;, 8.—Detail of the softening in the vermis (Hem.-eosine). 
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Fic. 9.—Greater magnification: detail of the partially disappeared lamina granulosa, 
all Purkinje cells are destroyed (Hzm.-eos). 


Fic. 10.—Injection of the lateral branch of the superior cerebellar artery with Indian 
ink: filling of part of the tegmentum pontis. 


We may summarize the case clinico-anatomically. Patient, aged 62, 
d d fo) 


with a six years’ history of attacks of dizziness, which became persistent at 


the end of December 1949, develops an acute right-sided hemiplegia, two 
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hours later a left-sided hemiplegia with dysarthria, with partial return of 
motility of the right side. Two hours later, again, a right-sided hemiplegia, 
while the left side recovers. On admission a complete right-sided hemiplegia 
was found, on the left side a hemiparesis with dysarthria and dysphagia. 
On January 16 a sudden total tetraplegia with complete anarthria and 
aphagia occurred. From the anatomical specimens we may attempt to 
reconstruct the sequence of events, as follows: The clearly marked arterio- 
sclerosis of the vertebral and basilar arteries accounts for the dizziness 
which had existed for years. The thrombotic occlusion of the left 
vertebral artery occurred suddenly on January 7. As this artery was a 
good deal wider than the right one, from this moment the basilar artery 
received insufficient blood, especially the left part. Ags a consequence of 
this, an ischemia occurred in the left side of the basilar part of the pons 
(supplied by the left paramedian artery) which manifested itself by a 
right-sided hemiplegia. This ischemia caused a reflex-dilatation of the 
left paramedian artery and as a result the right paramedian artery now 
received too little blood. In consequence, the right-sided hemiplegia 
temporarily cleared up to give place for a left-sided paralysis. The partial 
thrombotic closure now follows in the basilar artery, mainly on the left 
side, producing a right-sided hemiplegia and also a left-sided hemiparesis. 
With this, dysarthria and dysphagia also develop as expressions of a 
pontine-pseudo-bulbar paralysis. On January 16 the occlusion of the 
basilar artery becomes complete and a total tetraplegia with anarthria and 


aphagia results. The brain-stem shows, post mortem, a bilateral softening 


of the basal part of the pons which accounts for the pontine pseudo-bulbar 


paralysis completely. 


Further anatomical particulars—We must note in the first place the 
softening in the left cerebellar hemisphere. Areas of softening in the 
cerebellum are generally supposed to be rare. This may be due to the 
numerous anastomoses which exist between the arteries themselves, and 
apparently also between the left and the right hemisphere. Nothwith- 
standing this, areas of softening in the parts supplied by the superior and 
the posterior-inferior cerebellar arteries have been described several times. 
In ‘our cases this area had a peculiar localization. Taking account of the 
fact, that the occlusion of the basilar artery just reached the point where 
the inferior cerebellar artery arises, it is likely that this softening was 
caused by a closure of this artery. This assumption is confirmed by the 
delimitation of the area which is situated in the superior and inferior 
semilunar lobe, part of the lobus biventer and gracilis, the tuber and 
pyramis of the vermis and part of the flocculus. These are the parts 
which, according to the extensive investigations of Jakob (1928) and of 
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Tschernyscheff and Grigorowsky (1930) are supplied by the anterior- 
inferior cerebellar artery. To my knowledge this is the first time that 
softening due to occlusion of this artery has been recorded in the human 
pathology. 

In the softened area changes in structure of a different degree can be 
identified : 

(1) Cyst formation; (2) secondary microgyria with destruction of the 
lamina granulosa and Purkinje cells; (3) as a minimal change, the selective 
disappearance of the Purkinje cells. 


The sensitivity of these cells to all kinds of noxious influences and 
certainly to ischemia is generally known. It is therefore interesting that 
in the areas supplied by the right anterior-inferior cerebellar artery dis- 
turbances must have occurred, but of such a slight degree, that only in 
certain parts of the vermis has disappearance of the Purkinje cells taken 
place. The case points to the possibility that certain forms of slight 
(arteriosclerotic) interference with the circulation of the cerebellum may 
lead to a local and probably also to a more diffuse disappearance of the 
Purkinje cells, which may be very difficult to distinguish from certain 
forms of cerebellar atrophy. This applies particularly to the so-called 
“atrophie cérébelleuse tardive 4 prédominance corticale” (Marie-Foix- 
Alajouanine), which occurs by preference in older people. 

In the second place attention may be drawn to the partial pseudo- 
hypertrophy of the medio-ventral area of the cranial part of the left main 
olive. This pseudo-hypertrophy was accompanied by partial degenera- 
tion and atrophy of the fibres, but also by hypertrophy of the cells, in 
this part of the olive only. A pseudo-hypertrophy of the whole inferior 
olive has been described several times especially with a focus in the teg- 
mentum pontis and dentate nucleus, which results in the well-known 
syndrome of the myoclonus of the palate and vocal cords. Obviously this 
must be a local swelling, preceding a degeneration, in connexion with 
regeneration. The possible cause of this pseudo-hypertrophy is discussed 
at length by Lhermitte and Trelles (1933). They also enlarge upon the 
pseudo-hypertrophy of the cells of the olive, which are accurately illus- 
trated. While previous authors connect these changes in the olive with 
lesions of the olivo-thalamic tract, Lhermitte and Trelles maintain that 
insufficient blood supply is the only causative factor, but they fail to 
adduce effective arguments for this. However, their point of view is 
strongly supported and practically proven by the findings in our case, in 
which only the medial and cranial part of the inferior olive showed this 
pseudo-hypertrophy. The inferior olive in fact is supplied by various 
arterial branches, partly coming from the vertebral and partly from the 
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basilar artery, which run to different parts of the olive. The medio- 
cranial part is supplied by the anterior olivary artery which in our case 
was obviously occluded. 

The vascularization of the brain-stem.—The most important problem 
raised by the pathology of thrombosis of the basilar artery is that of the 
blood supply of the brain-stem. In the study of the majority of cases of 
Kubik and Adams (loc. cit.) and our own fourth case one fact stands out 
clearly however, that regularly an important part of the brain-stem is 
spared, notwithstanding the total occlusion of the basilar artery. Two 
questions may be brought forward in this connexion. 

(1) How is it possible for the area of softening in the pons in many 
cases not to reach further than the occluding thrombus? The answer 
to this question is not simple. Arteriographic studies show that if a con- 
trast medium is injected into the common carotid artery, generally only 
the parts supplied by the anterior and middle cerebral arteries are filled. 
Only in the minority of cases, especially when during the injection the 
head is drawn backwards strongly, is the posterior cerebellar artery made 
visible. But the contrast medium never reaches the basilar artery. On 
injecting the vertebral artery, which in our department is done either 
indirectly by inserting a catheter in the brachial artery and manceuvring 
it via the subclavian into the vertebral artery, or by the direct method 
by puncturing the vertebral artery in the neck, the basilar artery is filled 
and at the same time the area supplied by the posterior cerebral arteries 
on both sides. From the experience gained with this method of arterio- 
graphy it may be concluded that between the blood supply of the carotid 
artery and vertebral artery no fixed “watershed” exists and more parti- 
cularly that the area of the posterior cerebral artery may be supplied by 
both routes. No further conclusions may be drawn from these experi- 
ences. But from the pathological findings (different cases of Kubik-Adams 


and my fourth case) one must, necessarily, infer that almost certainly 


under certain circumstances the direction of the current in the basilar 
artery may be reversed. One may reasonably assume that factors neces- 
sary for this are: (a) a reasonable development of the posterior communi- 
cating arteries; (b) the occlusion of the basilar artery must not develop too 
rapidly. If these two conditions are not fulfilled, occlusion of the basilar 
artery will result in softening of the whole length of the brain-stem and 
probably also of both occipital lobes. My second case is an example of 
this. 

(2) The second question, which arises from the study of the anatomical 
preparations, is this: how is it possible for the tegmentum pontis to 
remain practically entirely free? This problem has been mentioned by 
several authors studying similar cases. The investigations of Foix and 
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Hillemand (1926) writing on the vascularization of the pons only partly 
solve this problem. These authors divide the transverse section of the 
pons into three zones, each of which is supposed to have its own blood- 
supply. The paramedian arteries, four to six in number, which arise 
on the posterior surface of the basilar artery, supply the pars basilaris 
pontis with the pyramidal tracts, pontine cells and fibres in this area; 
sometimes also the most medial part of the mesial fillet. The short 
circumferential branches (4-5 in number) supply the most lateral basal 
part of the pons and the brachium pontis. To Foix and Hillemand the 
vascularization of the tegmentum remains a difficult matter. This was 
supposed to be of a complicated nature and to consist partly of a few 
obliquely running paramedian arteries and partly of the short circum- 
ferential branches. The long circumferential branches (superior and 
anterior cerebellar arteries) were also supposed to take part. Foix and 
Hillemand have certainly proved that as regards the blood-supply the 
tegmentum pontis is set apart, but they have not made entirely clear why 
it is so regularly spared. It may even remain intact when the basilar 
artery is occluded throughout practically its entire length. Personally I 
believe that the tegmentum pontis is almost wholly supplied by the 
superior cerebellar artery. For this I will bring forward a number of 
embryological, anatomical and pathological arguments. A study of the 
embryological development of the arterial supply of the hind-brain (see 
Congdon, 1922, and Schmeidel, 1933) shows the following: of the three 
cerebellar arteries the superior cerebellar artery has the most constant 
origin and the most constant course. Both the others are very variable. 
Moreover the superior cerebellar artery is certainly the earliest to be 
formed. It arises from the most cranial part of the basilar artery and 
may already be recognized in human embryos of ten millimetre length. 
In this phase of development the cerebellum and basal part of the pons 
have not yet been formed, and this clearly shows that the superior cere- 
bellar artery sends its blood to the brain-stem which, at this period, almost 
exclusively consists of elements of the tegmen pontis. This relation of 
the superior cerebellar artery to the brain-stem, initially the essential one, 
gradually becomes of secondary importance in late foetal development 


when this artery follows more closely the growth of the cerebellar hemi- 


sphere. The relation, however, is preserved. 

Further, it appears probable that in embryological development 
the blood for the hind-brain was originally supplied by the carotid 
arteries. In examining sheep embryos of various ages a gradual change of 
form of the basilar artery can be found, which points to the fact that this 
artery must be regarded as originally a continuation of the carotid arterv. 
and later as a continuation of the vertebral arterv. 
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We may assume that the possibility of a blood supply to the basilar 
artery, from the area of the carotids, which may work effectively when 
part of the basilar artery is closed, has been prepared by the embryo- 
logical development. 

Anatomy also supplies important facts. The course of the various cere- 
bellar arteries has been extensively described by Jakob (1928) and also by 
Tschernyscheff and Grigorowsky (1930). A new fact has come to light 
however from the comparative anatomical investigations of Macdonald 
Critchley (1933). He describes the course of the superior cerebellar artery 
as follows: In mammals it generally originates in the posterior cerebral 
artery, in man, nearly always in the most cranial part of the basilar 
artery. Asa rule an anastomosis with the posterior cerebral artery exists, 
it divides shortly after its origin into two branches, a marginal (lateral) 
branch and a medial branch. Both these ramify mainly over the superior 
surface of the cerebellum and supply the whole white matter of this, 
whereby numerous anastomoses between left and right occur. Critchley 
further points out that from the marginal branch two collaterals arise, a 
floccular and a so-called peduncular branch the latter of which runs in 
the direction of the pons. This branch could not be followed accurately 
and could not be clearly filled in the injection-experiments. Other investi- 
gators on injecting the superior cerebellar artery with staining materials 
could with difficulty and only partially obtain a staining of the tegmen- 
tum pontis. 

The experiments of the pathology supply a better foothold as regards 
this. From the cases of thrombotic occlusion of the superior cerebellar 
artery which have been published during the years I mention those of 
Guillain-Bertrand-Péron (1928), Schuster (1933), Davison-Goodhart-Savitsky 
(1938). In most cases a smaller or larger area of softening of a part of the 
tegmentum pontis occurred, more marked than one would expect from 
the injection-experiments. In order to form my own opinion I have 
together with the pathologist Dr. Hampe carefully examined the vascular 
relationship of the hind-brain. We were struck by a number of facts, 
some already known, which may be summarized as follows: 

_(1) the superior cerebellar artery is very constant and symmetrical, in 
contra-distinction to the variable development of other cerebellar arteries. 


(2) the superior cerebellar artery arises in a few cases directly from 


the posterior cerebral artery. When the origin is normal an anastomosis 


with the posterior cerebral artery is always present. 
(3) in all cases a network of several small branches mostly from the 


marginal branch, in minor degree also from the medial branch, may be 
followed, which form a sort of “corona” round the cranial part of the 
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tegmentum pontis, doubtless with anastomosis with the vessels of the 
other side. 

We also made a series of injection experiments with Indian ink which 
allowed the following provisional conclusions: 

(+) if the lateral branch is injected it is possible to obtain a partial 
filling of the tegmentum pontis. This filling is unilateral, while the cere- 
bellum is often stained bilaterally (through anastomosis). When the 
peripheral (cerebellar) part of the lateral branch is tied off, this filling can 
become more complete, but the results are inconstant (fig. 10). 

(5) when the basilar artery is injected (from the vertebral artery) the 
basilar part of the pons only is stained while the tegmentum remains 
entirely free. It is clearly seen, that the paramedian as well as more 
lateral branches of the basilar artery penetrate the ventral surface of the 
pons (paramedian arteries and short circumferenting branch of Foix) 


(fig. 11). 


Fic. 11.—Injection of one of the vertebral arteries with Indian ink after ligating of 
the posterior cerebral arteries and superior cerebellar arteries on both sides. Filling 
of the pars basalis pontis. Short circumferential branches indicated. 


(6) on injecting the anterior-inferior cerebellar artery no clear filling 
of the tegmentum or only of the most inferior part can be obtained. 


Though these experiments will be continued, the provisional conclusion 
may be drawn that the vascularization of the tegmentum pontis is mainly 


by means of the superior cerebellar artery, but in a very special way. The 
only possible explanation for the inconstant filling of the tegmentum 


pontis is the following. The tegmentum is vascularized by a network of 
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very small arteries, forming a circulus round the proximal part of the 
tegmentum pontis. From this network a few terminal larger branches 
penetrate the tegmentum. 

As we have seen, this conclusion is supported by embryological and 
anatomical arguments. The anastomosis with the posterior cerebral artery 
moreover explains why even with very high total occlusions of the basilar 
artery the tegmen pontis may be spared. 

The diagnosis of thrombosis of the basilar artery—As we have seen 
there is no clearly delimited complex of symptoms in basilar thrombosis, 
as the distribution of the softening varies from case to case. Amongst 
these changing symptoms I include the paralysis of conjugate eye move- 
ments, papillary changes, slight sensory changes in the trigeminal area 
and on the body, fleeting blindness (see Case 2), hemianopia, drowsiness 
or coma, each of which may be part of the symptomatology. 

The major syndrome always remains, in keeping with the main 
localization of the softening; namely, tetraplegia with dysarthria and 
dysphagia. In our fourth case the clinical picture restricted itself 
exclusively to these elements. The development of the clinical picture 
forms the second characteristic factor. The beginning is acute, though 
as a rule with a prodromal period (see below). After the acute beginning 
a remission may occur, during which it may be found that transitory 
hemiplegia may change from one side of the body to the other. Only 
when exact facts of the case-history are available can a clear insight be 
gained as to the course of the disease during the hours preceding the total 
and irrevocable occlusion. If it is possible to make a diagnosis before 


complete tetraplegia and pseudo-bulbar paralysis have developed there is 


a chance to initiate therapy which may possibly forestall a definite 
occlusion. This does not only apply to a thrombosis caused by a leutic 
endarteritis but perhaps also when arteriosclerosis is the underlying factor. 

The possibility of a diagnosis of arteriosclerosis of the vertebral and 
basilar arteries.—Arteriosclerotic changes in the walls of the basilar as 
well as of the vertebral artery are undoubtedly present for a long time 
before the arteriosclerosis thrombosis develops. Whenever an autopsy is 
carried out on an elderly person, one is struck by the frequency and 
intensity of the arteriosclerosis in this particular region. It need not give 
rise to clinical symptoms, though this is bound to occur in many cases. As 
a rule complaints of recurrent dizziness (see our Case IV) will have to 
be considered as being due to this arteriosclerosis. This is rendered 
particularly probable by de Kleyn’s (1939) investigations. This author 
succeeded in establishing that some otherwise normal persons suddenly 
become dizzy when they bend their head backwards and thereupon twist 
it sideways. Examination of the cadaver showed that during this twisting 
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of the head, for example to the right and backwards, the left vertebral 
artery becomes more or less compressed. When, as is frequently the case, 
the vertebral arteries have developed asymmetrically and the wider artery 
is compressed, the basilar artery suddenly receives too little blood, which 
may manifest itself by a nystagmus which only occurs in this posture. 
Obviously this phenomenon will become even more manifest when the 
asymmetrical development is associated with arteriosclerosis, as a result of 
which the capacity for adaptation will decrease considerably. Investigations 
on a series of patients over 60 years of age, who showed signs of arterio- 
sclerosis, enabled us to determine the following phenomena during 
twisting of the head in a right or left backward direction. 

(1) The repeated appearance of a horizontal-rotatory type of nystagmus, 
as had been already established by de Kleyn. 

(2) The frequent appearance of pathological plantar reflexes and a 


slight dysarthria. 


When these symptoms are observed, a considerable degree of arterio- 
sclerosis of the large vessels of the mesencephalon may be assumed to 


have occurred. At a later stage such patients frequently present slight 
paramedial foci of softening, of the type especial by Foix-Hillemand and 


Lhermitte-Trelles. Only a small minority of these patients develop a 
completely obstructive thrombosis of the basilar artery. This is not so 
infrequent, however, as was formerly believed to be the case, as has been 
shown by Kubik and Adams. 


SUMMARY 

Four cases of total occlusion of the basilar artery are described. One 
was due to a syphilitic endarteritis, two to an arteriosclerotic thrombus, 
while in another case the basilar artery had been compressed during an 
operation. In one of these cases a detailed investigation was carried out 
by means of serial sections, which revealed the presence of a bilateral 
softening in the basal part of the pons. Moreover, one of the cerebellar 
hemispheres was found to contain a softening, which had resulted from an 
occlusion of the homolateral anterior inferior cerebellar artery. The fact 
that the tegmentum pontis had not been involved is explained by the 
circumstance that this receives its main supply of blood from the superior 
cerebellar artery. This artery is constantly found to present an anastomosis 
with the posterior cerebral artery. 

The clinical picture produced by occlusion of the basilar artery is 
discussed, particular attention being paid to the first stage of this picture. 
Finally, it should prove possible now and then to make a tentative clinical 
diagnosis of arteriosclerosis of the basilar and vertebral arteries. 
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SENSORY CHANGES IN NERVE BLOCKS INDUCED BY COOLING 
BY 
D. C. SINCLAIR and J. R. HINSHAW! 
(From the Department of Anatomy, University of Oxford) 


INTRODUCTION 

Tue use of cold as an anesthetic agent is of respectable antiquity. 
Avicenna, in his Canon of Medicine, recognized the power of cold to 
produce insensibility of a part (Gruner, 1930), and Yudin (1945) notes 
that in the middle of the seventeenth century Thomas Bartholin experi- 
mented with refrigeration anesthesia. It has also been known, since the 
experiments of Weber (1847), that the application of cold to a nerve trunk 
can produce a dissociation of sensibility in its cutaneous distribution. The 
only paper representing more than a cursory investigation of this dissocia- 
tion appears to be that of Bickford (1939) whose results do not agree with 
those of previous workers (Weir Mitchell, 1872; Boeri and di Silvestro, 
1899). We have recently (Sinclair and Hinshaw, 1950a and b) shown that 
many factors combine to determine the order of loss of sensibility in nerve 
blocking experiments in man. It was therefore thought of interest to 
investigate how far these factors might account for the discrepancies in 
the literature on nerve blocks produced by cooling, and at the same time 
to amplify the observations of Bickford (1939). Secondly, in an attempt 
o elucidate the mechanism of the sensory paralysis produced by cold, 


a aaanee was instituted between the results of cold blocks and those 


of blocks produced by limb compression in the same subjects. 


MATERIAL AND METHODS 


The comparison between cold blocks and blocks due to compression of the limb 
was made on the ulnar nerve territory of six subjects. Sensory loss in all blocks 
was assessed by methods we have previously reported (Sinclair and Hinshaw, 1950 
aand b). The position of the numbered testing circles used is shown in fig. 1, and 
the nature of the stimuli and the endpoints adopted are given in Table I. 

The compression blocks were induced by the inflation of a sphygmomanometer 
cuff to a pressure of 200 mm.Hg round the arm above the elbow (Sinclair and 
Hinshaw, 1950b). For the cold blocks, the elbow was immersed in a trough con- 
taining chopped ice and brine, the temperature of the mixture being kept constant 
between 0° C. and minus 2° C. throughout the experiment. No attempt was made 
to measure the temperature of the nerve itself. Cooling was continued only as long 
as was necessary to establish the loss of three out of four sensory modalities tested, 
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Modality 
Touch 


Warm 


Fic. 1.—Position of numbered testing circles in the ulnar area. 
1 cm. in diameter, the numbering is that of Sinclair and Hinshaw (1950). 
Fic. 2.—Position of numbered testing circles in the lateral popliteal area. 


Taste I. 


Stimulus 
No. 2 nylon suture 
material, 2-5 cm. long, 
mounted in metal 
holder 25 cm. long 
Long round - bodied 
needle 


1-5 cm. in 
half-filled 
x 3 €C. 


Test-tube, 
diameter, 
with water 
z €. 
Test-tube, 1-5 cm. in 
diameter, _half-filled 
with water at 15° C. 


2° « 


SENSORY CHANGES IN NERVE BI.OCKS INDUCED BY COOLING 


Method of use 

Vertical punctate stimuli 
delivered at random 
within a circular area 
1 cm. in diameter 
Vertical pricks just 
short of drawing blood, 
delivered at random 
within a circular area 
1 cm. in diameter 
Butt of tube allowed to 
rest by its own weight 
on the testing area for 
10 sec. 
Butt of tube allowed to 
rest by its own weight 
on the testing area for 
10 sec. 


319 


METHODS OF SENSORY TESTING 


Endpoint adopted 

3 or more out of a 
group of 6 such 
stimuli not appreci- 
ated 

3 or more out of a 
group of 6. such 
stimuli not appreci- 
ated as painful 


3 or more out of a 
group of 6 such 
stimuli not appreci- 
ated as warm 

3 or more out of a 
group of 6 such 
stimuli not appreci- 
ated as cold 


Each circle is 
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but in one instance this took 97 minutes, and the subject subsequently suffered 
from a mild frostbite. 

In an additional four subjects the possibility of altering the order of sensory loss 
recorded in cold blocks by altering the intensity, size and duration of the stimulus 
was investigated; in these blocks the temperature of the bath was also varied. 

In two of the ten subjects the lateral popliteal nerve was cooled by a technique 
similar to that of Bickford (1939); brine from a large reservoir containing chopped 
ice was allowed to run slowly through a metal tube strapped to the skin over the 
neck of the fibula. The lowest temperature which could be maintained indefinitely 
in the tube under the conditions obtaining was between 2° C. and 4° C., but fortu- 
nately this was low enough to produce a complete sensory dissociation in the lateral 
popliteal area. The tube was flushed with warm water before it was removed, as 
suggested by Bickford (1939); in both instances complete recovery of sensibility 
took place, indicating that the pressure of the tube was not a factor in the sensory 
paralysis produced. Sensory testing followed the same pattern as in the ulnar 
experiments, and the testing areas are shown in fig. 2; no comparison was made 
between these blocks and compression blocks of the leg. 


RESULTS 

Manner of sensory loss in cold blocks.—In the hand, the first symptom 
of involvement of touch sensibility was a feeling of numbness on gross 
stimulation, becoming gradually more pronounced, and often described 
as mildly unpleasant. The response to individual stimuli with the nylon 
thread altered in quality, becoming rather “dull” and “far away,” and 
subsequently prolonged, as if the punctate stimulus were a wisp of cotton- 
wool drawn irregularly over the skin for a period of a few seconds. A 
slight delay in the response became evident about this time, and finally 
individual stimuli were irregularly missed in increasing numbers until 
complete anesthesia to the stimulus used supervened. At a time when no 
response could be obtained from a given point on the skin, another point 
a millimetre or two from the first might still respond normally. After 
the agreed endpoint had been reached, stimulation with a heavier thread 
would usually still produce responses, and in this way the time taken to 
reach the endpoint could be shown to be a function of the intensity of 
the stimulus. In short, the events within the modality of touch appear 
to be identical with those occurring in this modality in procaine or com- 
pression blocks (Sinclair and Hinshaw, 1950a and 6b), and no subjective 
or objective difference could be detected between the various types of 
blocks, except that the timing of the process appeared to differ. In 
procaine blocks the obliteration of touch sensibility is gradual and rela- 
tively steady, while in compression blocks the final stages of this process 
are compressed into a shorter time; in the cold blocks this time was 
generally shorter still, so that, after a gradual onset, a relatively stationary 
phase might ensue, followed suddenly by complete anzsthesia. When this 


happened, it was occasionally impossible to secure any prolongation of 


the extinction time by using a heavier stimulus. 
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Pain sensibility progressed through a series of similar stages towards 
extinction, an alteration of the quality of the sensation being followed by 
a delay in its perception, a prolongation of the sensation produced, 
irregular misses and eventual analgesia. In compression blocks the altered 
quality of pain sensibility has the explosive unpleasant characteristics of 
“overreaction” (Weddell, Sinclair and Feindel, 1948), but in procaine blocks 
this quality, though still unpleasant, is not nearly so marked (Sinclair and 
Hinshaw, 19506, 1951). The cold blocks gave results approximating to those 
of procaine blocks in this respect, and it was the exception to produce a 
gross withdrawal response, accompanied by sweating and uncontrollable 
exclamation, such as is a commonplace in compression blocks. Otherwise 
the whole process was apparently identical with that occurring in both 
compression and procaine blocks, with the same proviso as in the case of 
Touch sensibility, that the terminal stages were often gone through much 
more rapidly than in either of the other two types of block. This rapidity 
made it difficult to obtain any marked prolongation of the extinction time 
by using a more intense stimulus, though an extension of one or two 
minutes could almost invariably be demonstrated. 

In the case of temperature sensibility the course of events was again 
almost identical with that occurring in compression and procaine blocks. 
In the early stages of a cold block it was occasionally noted that an 
apparently heightened sensitivity to temperature stimuli existed in the 
ulnar territory, so that a warm or a cold stimulus felt “warmer” or “colder” 
in the affected hand than in the control. This was succeeded by a period 
during which a progressive delay in the appreciation of the stimulus 
developed. At this time alterations in quality of the sensory experience 
itself were present, the sensation appearing to develop gradually in a 
way quite unlike ordinary experience, and to “soak in” to the skin from 
an enormous distance away. The delay in the response would eventually 
last for many seconds, to be followed by a relatively sudden welling up 
of temperature sensation, which did not always correspond to the stimulus 
applied, cold being frequently reported as “hot” and vice versa. Such 
paradoxical sensations (Sinclair and Hinshaw, 1951) were almost invariably 
present at some stage of the block. The endpoint for temperature 
sensation could be considerably altered—in contrast to the endpoints for 
touch and pain—by altering the intensity of the stimulus. Thus, in one 
block a temperature of 15° C. failed to be appreciated as cold in all 
testing areas from the 25th minute onwards; at the 37th minute, how- 
ever, a temperature of 11° C. was still readily appreciated as cold in 
all areas. Increasing the size of the stimulating surface also extended 
the extinction time, and two phenomena which we have already noted 
for procaine and compression blocks (Sinclair and Hinshaw, 1950a and )) 
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were present also in the cold blocks. In the first, a faulty subjective 
assessment was often corrected if the stimulus was allowed to remain in 
situ for ten seconds, and in the second, the successive application of the 
same stimulus to the same spot several times often produced a series of 
responses, the first of which were faulty and the last of which were 
consistently correct. Furthermore, in several instances the removal of 
the stimulus led to an abrupt and decisive reversal of the subjective 
judgment; the new opinion was not, however, always the correct one. 

So far, therefore, none of the observations reported suggest that the 
sensory changes in nerve blocking by cold differ qualitatively from those 
in procaine or compression blocks and there appears to be no impropriety 
in making a direct comparison between the order of sensory loss in com- 
pression blocks and in cold blocks. Two disturbing factors in such a 
comparison must now be considered. 

In compression blocks, the process of sensory loss, once initiated, is 
progressive for as long as the compression is maintained. In this series of 
cold blocks, however, the process often occurred in a_ discontinuous 
manner, with occasional remissions into a condition of apparently normal 
sensibility. Thus, in one subject cold and pain sensibility in all three 
testing areas were absent 48 minutes after the start of the experiment; at 
this time motor power in the ulnar muscles of the hand was reduced to 
just perceptible twitches. Touch and warm sensibility were present. At 
50 minutes the subject remarked that his hand felt normal again, and 
motor power suddenly recovered fully, as compared with the normal hand. 
Sensory testing at 51 minutes showed that pain sensibility had returned to 
all three testing areas, and cold sensibility to two out of three. Vasomotor 
tone, which was apparently completely paralysed by the 48th minute, 
gradually recovered till by the 57th minute there was no difference in 
skin temperature between the two sides of the hand. After this remission, 
cold and pain sensibility, together with motor power and vasomotor tone, 
gradually became paralysed again, till a condition comparable to that 
obtaining at the 48th minute was reached at the 85th minute. At this 
time a second remission, heralded as before by subjective sensory improve- 
ment and complete motor recovery, took place, and pain sensibility 
suddenly reappeared, only to vanish again gradually. 

Similar phenomena occurred in five out of the ten ulnar blocks, the 
maximum number of remissions observed in any one block being three. 
At first it was thought that they might be due to a rise in the temperature 
of the cooling bath, but it was subsequently found that they occurred 
just as frequently when great care was taken to keep this temperature 
constant. The degree of recovery varied—in some instances it was 


apparently complete, and in others only partial; usually it did not take 
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so long for sensation and motor power to reach the same stage of paralysis 
the second time as it did the first. In the second and subsequent periods 
of gradual sensory paralysis the order of sensory loss recorded was always 
similar to that of the initial period before the first remission, so that this 
type of sensory recovery would not in itself interfere with a comparison 
between the order of sensory loss in cold blocks and in compression blocks. 
Unfortunately, however, another kind of sensory recovery was also 
observed during the process of extinction. 

This recovery involved the modality of warmth only, and unlike the 
preceding type, which was always unexpected, it could almost always be 
predicted accurately. The sensation of warm was usually lost early in 
the experiment, often within the first ten or fifteen minutes. It remained 
absent for a varying period, until the onset of vasomotor paralysis, which 
in every case occurred later than the paralysis of warmth. As soon as the 
skin temperature of the ulnar area began to rise, equivocal results with 
warm stimuli began to be recorded, and by the time the area was flushed 
and hot, the application of the warm tube gave an almost constant 
response of “warm.” This warm sensation was usually more intense sub- 
jectively than that aroused by an equivalent stimulus on the control 
hand. Indeed, at this time nearly every stimulus of over a certain size 
evoked a response of “warm”—e.g. the end of a pencil, a finger tip, or 
even the tube of cold water. This secondary warm response could not, 
in general, be dislodged for the rest of the experiment, provided that the 
vasomotor paralysis persisted. When, however, a degree of recovery of 
vasomotor tone took place as the result of a general sensory and motor 


remission towards normality, it was occasionally found that what had 


passed for warm sensibility disappeared again for a time, to recover again 
as the vasomotor tone became adequately paralysed. It was also noticed 
that in several cases during the process of final recovery, after the elbow 
had been removed from the cooling trough, the responses to warm stimu- 
lation failed for a short period about the time of vasomotor recovery 
and subsequently gradually recovered along with the modality of cold. 
Further information was obtained by carrying out an ulnar block at a 
temperature of 6° C. In this case no vasomotor paralysis occurred, though 
the experiment was continued for 94 minutes. Warm sensibility was 
grossly affected by the 53rd minute, and had failed completely by the 
79th minute; no secondary warm responses were recorded subsequently. 

Two courses were therefore open to us in the assessment of the order 
of sensory loss; either we accepted the secondary warm responses at their 
face value, in which case warm sensibility was the last modality to dis- 
appear, or we disregarded the secondary responses as an “artefact” con- 
nected with the vasomotor paralysis, and took as the endpoint for warmth 
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the time at which it first disappeared. We adopted the second course as 
being more comparable with conditions in the pressure blocks, where the 
relationship of the loss of warm sensibility to the onset of vasomotor 
paralysis has not been investigated. This decision was complemented by 
taking as the time of disappearance of all the other modalities the time 
at which they first became extinguished, and paying no attention to the 
complicating factor of subsequent sudden spontaneous temporary 


recoveries. 


Order of sensory loss—The procedure of assessment of the order of 


sensory loss in both the cold and the compression blocks was identical, 


and has already been discussed (Sinclair and Hinshaw, 1950a and b). In 
each of the six subjects involved in the comparison the time taken for 
each modality to reach its defined endpoint was recorded for each of the 
three testing areas (fig. 1), and the results were then ranked in order of 
disappearance. If two or more modalities “failed” within two minutes of 
each other, they were considered as equal. Such ties in the ranking were 
dealt with by dividing the sum of the appropriate ranks equally between 
the tying modalities. The individual figures for each area were then 
summed to give the best estimate of the true rank (Kendall, 19455). 
The results of the compression blocks are shown in Table II. The 


Tasie II.—Sensory DissoctaTIOnN IN ULNAR AREAS: COMPRESSION BLOCKS 


Site of stimulation Cold Warm Pain Touch 
Area | 1] 12% 1214 
Area 4 17! 19 S14 8 
Area 6 12" 21% 


Total 41 53 / 27Y 
The figures are the sum of the individual ranks allotted to each modality as 
described in the text, and are derived from the same 6 subjects as the “cold block” 


figures in Table III. 


total ranking order of all areas taken together is touch, cold, warm and 
pain in that order, but on applying to this total rank the test of homo- 
geneity devised by Kendall (1945a), the coefficient of concordance is not 
statistically significant, indicating that this rank has little meaning owing 
to the degree of variation in the data. As we have already pointed out 
(Sinclair and Hinshaw, 1950b), some of this variation is due to differences 
between one subject and another, but some of it is due to differences 
between one testing area and another. For example, touch and warm 
obtain equal marks in Area 1, but there are gross differences between their 
marks in Areas 2 and 3. 

On the other hand, the results for the cold blocks, which are shown 
in Table III, and give the total ranking of cold, warm, pain, touch, are 
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TasLe III.—Srnsory Dissociation IN ULNAR AREAS: CoLp BLocks 


Site of stimulation Cold Warm Pain Touch 
Area | 8 10 18, 
Area 4 9 134 15 
Area 6 6A 16'4 15 


Total 3Y 40 4814 
The figures are the sum of the individual ranks allotted to each modality as 
described in the text and are derived from the same 6 subjects as those in Table II. 


statistically homogeneous (p <0°01). Even here, however, minor differences 
exist between the three testing areas; thus the relationship of Warm to 
Pain differs according to whether Area | or Area 3 is considered. If each 
area is tested separately, the order of sensory loss is significantly concordant 
in Area | (p <0-01) but not in the other two. 

Since the compression results are not concordant, no valid comparison 
can be drawn between the two types of blocks on the basis of total ranking 
order. Accordingly, the relationships between every possible pair of 
modalities were then investigated for each type of block by counting how 
often each member of a given pair failed before the other. Occasions on 
which both failed together were divided equally between the two 
modalities. The results were then tested (using chi-square) against the 
hypothesis that one modality should not tend to fail before another. The 
results of this procedure for both types of block are set out in Table IV, 
Tas_e I1V.—Comparison oF CoLD AND COMPRESSION BLOCKS IN THE SAME 6 SUBJECTS: 

UxLnarR NERVE 
Differences between cold 
and compression — blocks 
exist in respect of the 
Cold blocks Compression blocks relationship between 
Cold before Touch Cold and Touch 


(p <0-001) (p<0-001) 
Cold before Pain 
(p <0-001) 
Pain before Touch Touch before Pain Pain and Touch 
(p <0-001) (p<0-001) (p<0-001) 
Warm before Touch Touch before Warm Warm and Touch 
(p <0-01) (p<0-05) (p<0-001) 
Cold before Warm 
(p <0-02) 
Warm before Pain 
(p<0-05) 


Only those relationships which are statistically significant are shown. 


which shows that in the cold blocks statistically significant figures were 
obtained for every possible pair, indicating a very stable order of sensory 
loss. In the compression blocks the variability was greater, significant 
relationships being found in only two of the six pairs. 
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Table IV also indicates the results of a comparison made between the 
two types of block on the basis of these paired relationships; it is clear 
that highly significant differences exist between compression blocks and 
cold blocks carried out under the same experimental conditions on the 
same subject. 

Comparison with procaine blocks.—Four of the six subjects used to 
compare the order of sensory loss in compression and cold blocks had 
previously undergone a procaine block of the same ulnar nerve under 
similar standard conditions (Sinclair and Hinshaw, 1950a). The order of 
loss of sensation in each area tested in these four men is shown in Table 
V. By treating the procaine results in the manner already detailed, 
statistically significant differences can be demonstrated between the order 
of sensory loss in procaine and in cold blocks in respect of the relationship 
between Cold and Pain (p <0°02) and Warm and Pain (p <0°02). 

Recovery of sensation—In cold blocks as in compression blocks, 
recovery was rapid, in contrast to the slow return of sensibility in procaine 
blocks. In most of the cold blocks in the present series all modalities 
had returned to subjective normality within seven minutes. The order 
in which sensation returned appeared in general to be the reverse of that 
in which it failed, but it is difficult to be sure on this point, owing to the 
presence of disturbing factors. In 5 of the 10 subjects pain in the elbow 


after removal from the cold trough was sufficient to distract their attention 


very considerably from sensory testing in the ulnar area, and in one of 
these the pain was accompanied by nausea and faintness of such a degree 
as to render sensory testing impossible. Another two subjects complained 
of a feeling of faintness which they did not associate with pain, and in 
these any manipulation of the ulnar area increased the faintness. Indeed, 
it was found that any stimulus applied to the affected elbow or hand 
tended to produce symptoms of impending syncope; if, however, the limb 
was kept quite still and allowed to “thaw out” gradually, no untoward 
symptoms or pain resulted. These phenomena were tentatively associated 
with the release of some histamine-like chemical from the damaged cells 
in the region of the elbow into the general circulation, and owing to their 
occurrence we were unable to investigate the manner of sensory recovery 
very fully; nor can we do more than note that a considerable irritability 
of the ulnar nerve in the cooled area to compression or tapping was often 
present. In 4 cases, however, the relationship of the recovery of vaso- 
motor tone to the recovery of warm sensibility was accurately observed; 
this relationship has already been commented upon. 

Mode of spread of anzxsthesia—The order in which different areas of 


skin within the ulnar area become involved in the spread of paralysis of 
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a single modality has already been investigated for compression and pro- 
caine blocks (Sinclair, 1948; Sinclair and Hinshaw, 1950a), and since Bick- 
ford (1939) observed that sensory paralysis in cold blocks appeared to begin 
in the hypothenar region and to spread peripherally, it was thought worth 
while to investigate the point. The order in which the three testing areas 
successively failed was ranked for each modality, and the average order in 
which they failed derived by adding the individual ranks. This order is 
shown in Table VI for each modality. No firm conclusions can be drawn 


Taste VI.—SpatiaL Sensory DissociaATION IN ULNAR AREA 


Numbers of different ranking 
Modalit Area 1 Area 4 Area 6 orders recorded (13 are possible 
y . 
theoretically) 


Touch 3 
Warm l 
Cold 1 
Pain 3 


Average rankings showing the order of failure of the numbered testing areas 
(10 subjects). 


since only three areas were tested, but the results suggest that there is no 
general centrifugal trend of sensory paralysis; as far as the data go, Touch 
and Pain may behave in this manner, but Warm and Cold do not. 

A similar procedure was adopted for the compression and procaine 
blocks in the 4 subjects who underwent the three types of block, and the 
results are shown in Table VII. There is a striking similarity between the 
spatial spread of sensory paralysis in all three types of block. 


Taste VII.—SpatiaL Dissociation oF Each Mopatitry IN PRocAINE, COMPRESSION 
snp Co_p BLocks ON THE SAME Four Susjects 


Type of block Touch Warm Cold Pain 

Areal Area4 Area6&| Areal Areadt Area6| Areal Avea4 Area6| Areal Areadt Avrea& 
Procaine jeu 2 ] | 3 | 3 2 >. ol 1* 
Compression ... 3 l= l= | ; l 3 2 3 l= l= 
Cold pre a 2 1 l d 2 3 l 3 2 ] 


Average rankings showing the order of failure of the numbered testing areas. 


*Total rankings differ only slightly from each other. 


Order of sensory loss in lateral popliteal distribution We have shown 
(Sinclair and Hinshaw, 1950a) that in procaine blocks the order of sensory 
loss recorded in the lateral popliteal distribution differs significantly from 
the order recorded under similar conditions in the ulnar distribution. The 
same finding was found to hold good for cold blocks. Table VIII shows 


the order of sensory loss in the three testing areas in the lateral popliteal 
distribution for the two subjects investigated. The total ranking order 
is Touch, Warm, Pain, Cold, in striking contrast to the order of Cold, 
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Tasie VIII.—Sensory DissociATION IN LATERAL PoPLITEAL AREA: CoLp BLocKs 


Site of stimulation Cold Warm Pain Touch 
Area | 4 6 2 
Area 2 : 54 7% Zz 
Area 3 5 a y 2 


Total 144 18, 6 
The figures are the sum of the individual ranks allotted to each modality as 
described in the text and are derived from 2 subjects. 


Warm, Pain, Touch in the ulnar area. Indeed, by comparing the relation- 
ships of given pairs of modalities in a 2 x 2 contingency table, statistically 
significant differences can be demonstrated between the ulnar and lateral 
popliteal blocks in respect of the relationships between every pair except 
Warm and Pain. 

In both blocks it was found that, as in procaine and compression 
blocks, the sensation aroused by touching hairs persisted longer than the 


sensation aroused by touching skin. 


Incidental observations on motor and vasomotor paralysis.—No detailed 
observations were made of the relationship of the appearance of complete 
motor paralysis to the times of paralysis of the various sensory modalities, 
but we found that vasomotor paralysis in the hand developed concurrently 
with motor paralysis of the intrinsic muscles, and well before the loss of 
Touch sensibility. In the two lateral popliteal blocks no vasomotor 


paralysis—as measured by rise in skin temperature—took place, and no 


motor weakness occurred in either experiment. 


Discussion 

Order of sensory loss.—In blocks of the ulnar nerve produced by 
cooling, as in blocks produced by procaine or compression of the limb 
(Sinclair and Hinshaw, 1950a and b), we have found that the time taken 
to reach an arbitrary endpoint marking the state of decay of a given 
sensory modality may be varied by modifying the conditions of the experi- 
ment. Thus, increasing the intensity of the stimulus in one modality— 
particularly those of cold and warm—will delay the endpoint in that 
modality relative to the others, and so lead to an alteration in the order 
of sensory loss recorded. A similar delay occurs if the size of a tempera- 
ture stimulus is increased, and the attainment of temperature endpoints 
may also depend on such factors as the time for which the stimulus is 
allowed to act or the number of times it is applied to a given area of skin. 
The order of sensory loss in the present series of experiments also varied 
slightly but appreciably according to the particular area tested within the 
distribution of the ulnar nerve. 

Such factors may in part explain discrepancies between the orders of 
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sensory loss reported by different observers (Table [X). Thus, the stimuli 
selected by Bickford (1939) were quite different from those used by Boeri 
and di Silvestro (1899) and from those employed by us, while Weir 
Mitchell (1872) does not specify any set of stimuli. Again, the precise 
area of skin stimulated within the territory of the nerve under experi- 
ment is not stated by any previous worker, so that differences arising from 
this source might modify the findings. 

We cannot explain Bickford’s finding that the order of loss of function 
was more or less uniform in different nerves except as regards the rela- 
tive time of failure of vasomotor tone. In our experiments a gross and 
statistically significant difference existed between the results of blocks 
carried out on the ulnar and on the lateral popliteal nerves. 

The relationship between the onset of vasomotor paralysis and a 
“recovery” of warm sensibility does not appear to have been remarked 
previously, and it may explain why the modality of Warm is ranked last 
by Bickford, who observed that Warm and “second pain” often resisted 
cooling of a thermocouple buried near the nerve to a temperature of — 5° C. 
The time interval between the endpoint for warm loss and the onset of 
vasomotor paralysis is occasionally short, and in one of our cases it was 
short enough for the endpoint to be missed. However, in all 6 men in 
whom a comparison with compression blocks was made the endpoint was 
perfectly definite. We have already stated our reasons for rejecting this 
persistent secondary warm sensibility and taking as endpoint the time of 
the first disappearance of Warm. It is nevertheless clear that a study of 
this phenomenon might throw valuable light on some aspects of the nature 
of temperature sensibility. 

In view of these remarks the order of sensory loss recorded in sensory 
dissociation experiments should not be taken as representing more than 
the average order of loss of function in specified areas of skin under speci- 
fied conditions of testing and of interpretation. Nevertheless, under these 
conditions the results of our experiments on the ulnar nerve are statisti-. 
cally concordant; thus the dissociation produced by cold blocking is 
probably more consistent in different subjects and in the three areas 
tested than are the dissociations due to procaine and compression blocks 
(Sinclair and Hinshaw, 1950b). 


Factors operative in sensory dissociation by cold.—We have previously 
(Sinclair and Hinshaw, 1950b) discussed some of the factors probably con- 
tributing to the involved interplay of events which manifests itself as a 


sensory “dissociation” in compression or procaine blocks. Stress was laid 


on the varying initial sensibility of different areas of skin to the stimulus 
employed. The importance of this factor is emphasized by a study of 
Table V which affords a legitimate direct comparison between the order 
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of sensory loss in procaine, compression and cold blocks. In one or more 
skin areas in every subject, one sensation occupies the same position in 
the order of sensory loss in all three methods of blocking. This position 
is unusual in at least two of the three. Thus in Area | of three of the 
men, cold sensibility was the first to fail in all three blocks; in cold blocks 
this is the usual occurrence, cold failing significantly earlier than any of 
the other modalities (Table IV), but in compression blocks cold usually 
fails ofter touch, and in procaine blocks after pain (Sinclair and Hinshaw, 
1950b). The condition in Area 4 of subject D. R. W. is perhaps the most 
striking. Here cold is the last modality to fail in all three blocks—a posi- 
tion which is strange to it in each case; similarly, in Areas | and 4 of this 
subject warm fails before cold in every type of block, the reverse being 
usual. 

It is also interesting to compare the orders in which the testing areas 
become involved in the spread of sensory paralysis in the three types of 
block to which these four subjects submitted (Table VII). We have 
already shown (Sinclair and Hinshaw, 1950a) that in procaine blocks the 
direction of this spread varies occording to the sensory modality tested. 
It now seems that there is a tendency for this direction to be the same 
for a given modality, irrespective of the nature of the blocking agent. 

It is difficult to explain these findings except on the basis that some 
local factor is involved; we submit that this factor is the initial relative 
sensibility of the skin to the various testing stimuli. It might be possible 
to maintain that in cold blocks the sensory effects observed are the result 
of all fibres in the nerve having their capacity to conduct equally affected, 
with the result that the modality endowed with the greatest number of 
fibres per unit area of skin would appear to fail last, and so on. Such an 
assumption would at least reconcile the early loss of cold sensation and 
‘he persistence of touch sensation in the ulnar area with the early loss 
of touch sensibility and the persistence of cold sensibility in the lateral 
popliteal area. However, the significant differences in the order of sen- 


sory loss in the three types of block force to conclude that this “basic” 


order of sensory loss can be overruled to some degree by some specific 
effect of procaine and asphyxia on fibres conveying certain modalities. 
As Bickford (1939) pointed out, and as we have confirmed (for the ulnar 
nerve), it is common in blocks produced by cooling to find that motor 
power and vasomotor tone disappear almost concurrently, and long before 
touch. Many of the motor fibres and some of the touch fibres are un- 
doubtedly large and the vasomotor fibres small, and Bickford’s conclusion 
that in cold blocks the effect of fibre size cannot be an important factor 
seems well founded. Cooling can thus produce a sensory dissociation 
which, though qualitatively similar to that produced by procaine or 
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compression, does not appear to be determined by fibre size. It is perhaps 
possible that the way in which fibres drop out roughly according to their 
size group in electro-physiological studies of procaine and pressure blocks 
bears no causal relation to the order of loss of sensory function which is 
produced by these agents. Technical difficulties have so far prevented a 
complete study of the manner in which fibres of different size fall out 
during a cooling block of mammalian nerve in vitro. The latest available 
evidence (Whitteridge, 1950) is that the larger fibres appear to fail first. 
If this is so, then it merely adds to the difficulty of reconciling sensory 
modalities into any systematic arrangement dependent on fibre size 
(Sinclair and Hinshaw, 19506) or of applying electrophysiological data to 
human sensory dissociation experiments. 

The psychological factors which we have discussed in relation to 
procaine and compression blocks must also be operative in cold blocks 
and must exercise their effects in the same direction. In short, therefore, 
the factors determining the order of loss of sensation in cold blocks 
appear to present at least as complex a problem as those concerned in the 
order of loss of sensation in blocks produced by other agents, and a study 
of them casts doubt on the validity of the assumption that sensory func- 
tion is in any way determined by fibre size. 

Mode of action of cooling.—It appears to be the general opinion that 
the gross degenerative changes following freezing of a nerve are the 
results of a circulatory stasis, and are thus asphyxial in nature (Large 
and Heinbecker, 1944; Safford and Nathanson, 1944). Denny-Brown et al. 
(1945) describe a selective action on large fibres with sparing of the “pain 
fibres” which they cannot explain on this basis. However, Bielschowsky 
and Valentin (1922) and Large and Heinbecker (1944) find no evidence of 
any selective effect on fibres according to their size. 

It is almost universally agreed, however, that the effects of moderate 
cold—such as is necessary to produce sensory dissociation followed 
by recovery—are due, not to asphyxia, but to some more direct effect of 
cooling (Carpenter, 1847; Lake, 1917; Bickford, 1939; Allen, 1945). It is 
suggested by Safford and Nathanson (1944) that three other factors may 
play a part in the production of refrigeration anzsthesia; “release of 
histamine by cold-damaged cells, local changes in acid-base balance 
resulting from the reduced temperature and inactivation by cold of 
enzymes, causing an accumulation of metabolites through slow oxida- 
tion.” Lake (1917) points out that in chilling experiments in man the 
tissues are bright pink, indicating that little oxygen is being utilized; the 
skin of the elbow in our blocking experiments was a similar colour. 

We have recently (Sinclair and Hinshaw, 19505) reviewed the literature 
on the nature of the mechanisms set in train by compression of a human 
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limb; the consensus of opinion is that the changes are in the main 
produced by asphyxia. If this be true, the demonstration of statistical 
differences between the orders of sensory loss in compression and cold 
blocks indicates that asphyxia cannot be the chief operative factor in the 
sensory dissociation occasioned by cooling. 

A clue to the nature of cold blocking may be afforded by the pheno- 
menon of serial partial or complete recovery during the development of 
the block; this appears to have been first commented on by Waller (1861). 
Lewis (1941) has observed that the skin temperature of a finger immersed 
in cold water “rises and falls periodically, but as a result its mean tempera- 
ture is very appreciably raised.” He ascribes this response to a local axon 
reflex, since it does not occur in denervated fingers. It is difficult to escape 


the conclusion that sudden recoveries of sensibility in the development 
of cold blocks result from a sudden warming of the nerve trunk produced 
by a vascular mechanism of some kind (cf. Grant, Bland and Camp, 1932). 


SUMMARY 

Though there is a considerable literature on the sensory loss induced 
by subjecting human nerves to the effects of procaine or of a compression 
cuff round the limb, comparatively little attention has been paid to the 
sensory phenomena associated with cooling a nerve trunk. We have 
investigated the sensory paralysis induced by cooling the ulnar and lateral 
popliteal nerve trunks, and have directly compared our findings with the 
results of compression and procaine blocks carried out on the same sub- 
jects under similar conditions of testing and interpretation. 

The sensory dissociation produced by cold is qualitatively similar to the 
dissociations produced by procaine or by compression, and in all three 
the order of sensory failure can be modified by altering either the nerve 
territory used, the area of skin tested within that territory, or the nature 
and mode of application of the stimuli employed. Some individual varia- 
tion exists, but the order of sensory loss appears to be more stable in a 
given nerve territory in blocks induced by cooling than in procaine or 
compression blocks. With the variable factors controlled as nearly 
as possible, statistically significant differences have been found between 
the three types of blocking agent. 

It is not known how cooling a nerve trunk produces sensory dissocia- 
tion in its cutaneous territory but it is clear from our findings that the 
mechanism differs from that operating in both procaine and compression 
blocks. If cooling has any selective effect upon the fibres of the different 
modalities, it appears that this action cannot be determined by the relative 
sizes of the nerve fibres involved. It is easy to account for the order of 
failure of sensation in cold blocks on the basis of a differential sensitivity 
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of a particular area of skin to the various stimuli employed, the fibres in 
the nerve trunk being affected at random. 

The statistically significant differences between the three types of block 
necessitates the conclusion that at least two of the three agents investigated 
must exercise some selective effect; that is to say, that the specific action 
of procaine or asphyxia is capable of modifying to some degree the order 
imposed by the basic skin sensitivity. 

The relation between the modality of warmth and the state of vaso- 
motor tone in the area tested has been discussed; our findings in cold 
blocks indicate that the relative position of the failure of warmth may not 
be wholly comparable in the three types of block, owing to the different 
effects of procaine, compression and cold blocks on vasomotor tone. 
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INSENSITIVITY TO PAIN 
BY 
ERIC C. O. JEWSBURY 
(From the Luton and Dunstable Hospital) 


Tue threshold for the perception of superficial pain varies very little 
among normal people under ordinary circumstances. Hardy, Wolff and 
Goodall (1943), as a result of their investigations, describe it as relatively 
uniform, stable and independent of age, sex or fatigue. Sensitivity to 


deep pressure, however, may be more variable and the present writer has 


observed in normal medical students that about one in three are relatively 
indifferent to firm pressure over the Achilles tendons, whereas the 
remainder aie acutely sensitive. Chapman and Jones (1944) found that, 
in a group of 200 normal subjects, only age and race seemed to have any 
appreciable influence upon sensitivity to varying intensities of radiant heat 
focused on the forehead. Although individual differences were very slight, 
the thresholds both for what they termed “pain perception” (subjective 
discomfort) and for “pain reaction” (objective wincing or withdrawal) were 
higher in North European stocks than in Mediterranean races and negroes. 
There was no significant difference between the sexes. 

Chapman (1944), using the same technique, compared a group of 
neurotics with a group of normal controls and found that, although the 
pain reaction threshold was lower in the neurotics, the pain perception 
threshold was almost identical in the two groups. The neurotics thus 
differed from the normal subjects not in the level at which they perceived 
pain but the level at which they first winced or withdrew. In contrast, 
three schizophrenics, when blistered, “did not seem to be interested in 
the pain stimulus.” 

The effect of profound emotion or abnormal mental states upon the 
attitude to painful stimuli has often been observed. Excitement, anger, 
grief or joy may obliterate the awareness of pain. A footballer in a match, 
a soldier in action or a survivor of a disaster may for a short while be 
oblivious of pain from a serious injury. More prolonged insensitivity to 
pain occurs in trances and other states of mental dissociation, whether 
determined by hysteria, hypnosis or auto-suggestion. The medium, the 
fakir and sometimes the religious fanatic are examples of this group. 
Severe self-mutilation, to which the subjects appear indifferent, is some- 
times carried out by patients with religious delusions and ideas of guilt. 
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Goodhart and Savitsky (1933) have described a girl, aged 16, who 
developed changes in personality and presented a behaviour problem after 
encephalitis lethargica at the age of 8 years. Not only did she pull out all 
but nine of her teeth but one night she tore out both her eyeballs. She 
did not complain of any pain or discomfort and she pretended that the 
eyes had fallen out. During her further stay in hospital she rubbed her 
right cheek until it bled and she also bit deeply into her tongue. Later 
she confessed to tearing out her own eyes, with her fingers, but she 
admitted to only slight pain during the process of self-injury. She ascribed 
her behaviour to an irresistible urge. Examination very soon after the 
avulsion showed no sensory abnormalities. 

Conn (1932) has described a somewhat similar case of a young woman 
aged 21, also probably a post-encephalitic. While in hospital “she manually 
fractured the phalangeal articulations of the left hand and then, by 
placing her right hand beneath the bed-spring, and using her knee, she 
managed to fracture and open the right phalangeal articulations.” She 
also fractured a toe and dislocated both thumbs. She said that she had 
broken her fingers with little pain and that she felt much better after it 
was done, but twenty hours after her self-mutilation the feeling returned 
and she began to scream on account of her painfully swollen hands. 
Formal intelligence tests were very satisfactory and her self-castigating 
behaviour seems to have resulted from frenzied compulsion and guilt 
feelings. 

Sawle Thomas (1944) has reported a case of self-mutilation in a man 
aged 31, of whom “it was remarked by several different observers that his 
expression and demeanour were strongly suggestive of a post-encephalitic 
state.” He was emotionally facile and of rather poor intelligence. After 
losing his job he became very depressed and drove a six-inch nail into 
his head. He did this by holding it against his right temple and banging 
his head against a wall until the nail penetrated the bone; he then pushed 
it some four inches into the brain with his hand. : . 

Idiots and imbeciles often injure themselves by beating their heads 
against walls, gnawing their wrists, hitting themselves, pulling out their 
hair, chewing broken glass and so on, without any indication that the 
process is painful. It is a general experience that defectives submit to the 
extraction of teeth and other operations of minor surgery with relatively 
little concern. Tredgold (1947) states “I am disposed to think that the 


organic perceptions of aments in general are less acute than those of the 
non-defective, and it is often surprising to find how seriously ill they can 
be without making any complaint or showing any sign of suffering. This 
want of feeling is usually directly proportionate to the degree of defect.” 

Occasionally, however, the degree of indifference to pain is out of 
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proportion to the extent of mental defect. Arbuse, Cantor and Barenberg 
(1949) report such a case in a difficult, backward child aged 7. She had 
a poor psychiatric family history, she had been prematurely born and had 
a pilonidal sinus but no associated neurological abnormalities were 
found. She showed no response to a variety of painful stimuli. 
Farquhar and Sutton (1951) have also described a girl aged 7 who, 
although her recognition of light touch, position and temperature was 
accurate, showed no reaction whatever to deep pin-pricks. Forcible pinching 
of her Achilles tendons was accepted with the same equanimity as were 
both venepuncture and lumbar puncture. This child had a coarse tremor 
of her head and hands, her speech was indistinct and her gait unsteady. 
She was mentally backward with intelligence quotient (I.Q.) of 72 but, 
whatever the nature of her condition, it seemed clear that the peculiar 
indifference to pain could not be regarded simply as part of the slight 
general mental retardation. 

The form of response to painful stimuli is often unusual in mental 
defectives and it is noticeable that some laugh, as if tickled, whenever they 
are pricked with a pin. 

Whether brought about by profound emotional disturbance, hysteria, 
hypnosis, encephalitis, psychosis or mental defect, this indifference to what 
would normally be painful procedures is the same in each case. The loss 
of appreciation of pain may be brief or prolonged, depending on the under- 
lying cause. In the mental defectives, the severe impairment of all the 
faculties is, of course, permanent, but in the other cases mentioned the 
lack of reaction to pain has been only a temporary phenomenon. 

In rare instances, however, persistent insensitivity to pain is found as 
a congenital abnormality in otherwise apparently normal people. Critchley 
(1934) in his interesting account of “Some Aspects of Pain” describes a 
young man who was relatively insensitive to pin-pricks and other painful 
stimuli. He did not flinch when a pin was driven hard into him; he said 
that he could feel the prick but that “it was nothing very much.” He had 
never been troubled by pain and had had a whitlow lanced and several 
teeth extracted without anesthetic. Critchley also describes the notorious 
case of Edward H. Gibson, well known in American vaudeville as “the 
human pincushion.” A detailed account of this man was originally pub- 
lished by Dearborn (1932). Although he had been accidentally wounded 


with a hatchet, a pickaxe and a revolver bullet, had broken his fibula and 


his nose and had badly burnt his fingers, Gibson had shown no sign of 
discomfort and he said that he could not recall ever having had any pain 
except headache. In his music-hall act he allowed dozens of pins to be 
stuck into him. There was no evidence in this man’s case of obvious 


nervous or mental disease and hysteria could be excluded. 
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Kunkle and Chapman (1943) have reported the case of a young man of 
Italian ancestry who gave a story of almost complete insensitivity to pain 
for as long as he could recall. He was of average intelligence, having 
consistently ranked in the upper third of his class at school. He had had 
several injuries without feeling discomfort, though it is of interest that for 
many years he had been subject to occasional spontaneous frontal head- 
aches. He always had difficulty in finding suitable words to describe the 
degree of his appreciation of painful stimuli. 

The present writer happened recently to see within two weeks at Luton 
two examples of this unusual condition of congenital insensitivity or 
indifference to pain. Both were active men and fully employed. Subse- 
quently, in the same neighbourhood, another instance was encountered in 
an elderly man, who had lived a normal active life and it may therefore 
be of interest to place them on record. A fourth case, in which normal 


sensitivity to pain apparently failed to develop until the third year of life, 


will also be described. 


Case 1—G. W., aged 34, employed as an engineer in a motor factory, was 
referred to the Neurological Clinic at the Luton and Dunstable Hospital on 
November 21, 1949. He was being treated for a burnt hand by Mr. L. W. Plewes 
who had noticed that he seemed singularly indifferent to the effects of the burn 
or the change of dressings. 

The patient said that six days previously he had inadvertently held his left 
hand in a gas flame, while heating glue, but when he saw this he felt no discomfort 
and was aware only of a tingling sensation in the fingers. About five minutes later 
the fingers, all of which were red and burnt, felt uncomfortable, and he could not 
easily keep the hand still. He did not feel sick or faint, but his wife said he looked 
pale. After some thirty minutes she poured vinegar over a napkin on his hand. 
The discomfort then went and did not return. He came up to hospital with second 
degree burns of all the digits of the left hand. Large blisters developed and were 
snipped later. Tulle gras penicillin cream dressings were applied and changed 
several times during the following week. Sometimes they stuck but he appeared 
to have no pain. Later on he had some discomfort when the dressings of the three 
ulnar fingers were changed. These fingers were so badly burned that they had 
to be treated by a skin graft. This was taken from his thigh under anzsthesia 
on December 13 and the hand healed well. His indifference and relative insensivity 
was remarkable. 

Discussion with the patient, his mother, his wife and his sister showed that 
neither he nor his family had noticed that there was anything unusual about him. 
His mother did not think he ever hurt himself much as a boy and she did not 
recollect his ever crying in pain. She said that he gave no trouble as a child and 
had never been of a nervous temperament. He was troubled, however, by nocturnal 
enuresis till the age of 6 years. There was no history of infantile convulsions or of 
any significant illness in the past. He had played much football and in his teens 
he had won many prizes in pedal-cycling races (both short distance and long 
distance). 

His sister recalled, and he himself confirmed, that he used to have his teeth 
extracted without any general or local anesthetic; for this he would be given his 
money back by the dentist. He had also had his teeth drilled at the dentists 
without pain. When aged 7 he had fallen and knocked out some front teeth 
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without pain. At 17 he was involved in a motor-bicycle accident but had no pain; 
it was only three weeks later that it was discovered that he had fractured his right 
clavicle. At 19 he had another motor-bicycle accident in which he injured a knee 
and was severely cut over the jaw, so that sutures were required. He had no painful 
sensations. When aged 21 he had a third motor-bicycle accident, through driving 
over a pot-hole in the road. On this occasion he was said to have fractured the base 
of his skull and there was a period of post-traumatic amnesia for several days, There 
was no other history of serious head injury. During the past three years he had 
been subject to minor epileptic attacks. His wife described typical petit mal 
seizures, in which he would go pale, stare blankly and lose touch with his surround- 
ings for a minute or less. Sometimes his face would twitch slightly but he was 
never convulsed and never fell. Sometimes he had dropped things and been incon- 
tinent of urine in an attack. These attacks, at first rare, increased in frequency to 
about once a week. They were controlled by phenobarbitone which he had been 
taking somewhat irregularly. It became evident, from his daughter’s account, that 
he had put his hand in the gas flame during a momentary petit mal attack. Since 
this incident he has taken phenobarbitone regularly and, apart from one minor 
attack a week later, he has had no further petit mal (in the subsequent twelve 
months). 

His wife said that she had noticed that he sometimes had septic fingers which 
were painless. She had often seen him pick up glowing coals which had fallen 
in the grate and replace them on the fire. She said that he could take hot dishes 
out of the oven when she could not touch them. He could also put his hands in 
very hot water without discomfort. He frequently complained to her that he never 
got a cup of hot tea, though in fact it would often be much too hot for others to 
drink. He never waited for food or drink to cool, but he tended to get hiccups if 
he drank anything very hot or very cold. 

He said that he had no recollection of any painful or unpleasant illnesses and 
had had no headaches or abdominal pains. The most painful thing that he could 
remember was a severe injury with a lathe when he was aged 13. On this occasion 
he split the end of his little finger, the nail was smashed and there was much 
bleeding. About half an hour afterwards he felt pain, which continued for one 
night. He had had only one operation, which was for varicose veins and done under 
anesthesia. He said that he had had pain when kicked on the testicles at football. 
Although not ticklish he had experienced itching from a skin rash. He had no 
recollection of being bitten or stung by insects. He said that he was often unable 
to smell unpleasant smells of which his wife complained. He had never had cramp, 
but said that he had had stitch which he described as “like a needle in the side.” 
He was able to tell when his bladder was distended. He said that although he did 
not mind how hot or cold things were, whether to touch or to take in his mouth, 
yet he could distinguish and recognise differences of temperature. 


He had always been left-handed. His speech and writing were normal and he 
had learned to spell and read quickly as a boy. He had done well at school and 
had reached the top standard. His work record was good and he had been employed 
as an engineer for the past thirteen years by the same firm. 


It was of interest that his father (deceased) had been left-handed. His mother 
and his only sister were examined and found to have normal sensitivity to pain. 
His wife and five children were healthy. One of his sons, when aged 5 years, 
had apparent'y had some brief early-morning epileptic attacks but had had no 
further trouble. There was no other relevant family history. 

Condition on examination.—General: He was alert, cheerful and co-operative. 
His manner and behaviour were entirely norma] and he was of good physique. His 
response to a variety of short intelligence tests was rated “high average” and he 
was particularly quick and accurate at mental arithmetic. He was Grade II (above 
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average), with a score of 51, in Raven’s Progressive Matrices Test. As previously 
noted, he was left-handed. He bore several scars on his hands. 


Eyes and cranial nerves: Eye movements, pupils and fundi were entirely normal. 
Visual fields were full. The corneal reflexes were'sluggish, but the eyes tended 
to redden and water if repeatedly touched with cotton wool. 

No gross abnormality of sensé of smell. He smelt oil of cloves and asafoetida 
and described the latter as unpleasant. He was able to eat a large portion of 
mustard without any unpleasant sensation, although it caused his eyes to water 
slightly. No other abnormality noted, apart from inability to feel pain. 


Motor system and reflexes: No wasting or fasciculation of muscles. Muscle tone, 
power and co-ordination normal. Electromyographic records of hand muscles 
(by Dr. A. T. Richardson) normal. Tendon reflexes and abdominal reflexes all 
present and equal. Plantar responses flexor. 

Reaction to painful stimuli— Pin-prick: No response to deep pin-pricks. Was 
unaware of pain when pricks had caused bleeding of his face or when a pin had 
been pushed right through a fold of skin at the wrist. He was aware that he was 
being pricked, however, and had no difficulty in distinguishing between the point 
and the head of the pin, or in locating the exact site of stimulation, 


Temperature: His toes were placed momentarily in the flame of a lighted match 
but he felt no discomfort. His fingers were placed over a lighted match; he felt no 
pain but after some four seconds, he said it was uncomfortable and withdrew them. 
He did not object to tubes of very hot water or to ice on his abdomen. He held a 
cube of ice in his mouth without discomfort. When a test tube of water, too hot 
for normal people to tolerate on the skin, was applied to his cheek, he felt no 
discomfort. When a tube of boiling water was so applied, he said that he felt a 
burning sensation after three or four seconds, but he did not turn away. His cheek 
flushed when the hot tubes were applied. It was notable, however, that he was 
able to distinguish accurately between tubes of slightly differing temperatures. 


Hair-pulling and pinching: He had no discomfort when small hairs were pulled 
out of his forearm. A local flare response, however, was seen in the skin. When 
the skin of his neck was pinched hard, he showed no sign of discomfort and 
described it as only uncomfortable. No reflex dilatation of the pupils occurred. 


Deep pressure: Firm pressure over the supra-orbital and ulnar nerves produced 
no discomfort. Pressure exerted on the sides of the neck, below the mastoid pro- 
cesses (which caused immediate severe pain in normal controls) caused him only 
slight discomfort and produced no withdrawal and no change in his pulse rate or 
blood pressure. Squeezing of the Achilles tendons caused no obvious pain, though 
after about five seconds sustained pressure he said that one side was a little 
uncomfortable. 

He was also indifferent to testicular compression, but after about five seconds he 
found it unpleasant. 


Other forms of sensibility: Light touch and vibration were felt normally. He 
could not be tickled. Postural sense, stereognosis and two-point discrimination were 
also normal. No disorientation of body image or confusion between left and right. 


Muscle ischemia: A sphygmomanometer cuff was put round his arm and a 
pressure of 160 mm.Hg maintained. He was made to clench and unclench his hand 
forcibly once a second. He said that he got “a tight feeling” in the limb but that 
he had no pain and he showed no sign of discomfort after five minutes. Normal 
controls could tolerate this for only about one and a half minutes or less. 


“Histamine headache’: 0-1 mg. histamine diphosphate was injected intra- 
venously. His face became flushed and he said that it felt warm. This was 
maximal about one minute after the injection. His systolic blood pressure fell 
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slightly within the first minute. At no time, however, did he develop any headache 
or discomfort. 

Electric shocking: A faradic type of stimulus was applied with the co-operation 
of Dr. A. T. Richardson. Normal control subjects withdrew sharply when a current 
of 2 or more milliamps was passing for | milli-second. The patient, however, did 
not object to 40 milliamps (the maximum available) and he showed no increase of 
his systolic blood pressure as the stimulus increased. 


Other investigations: X-ray skull and spine—normal. 

Blood Wassermann reaction (W.R.) and Kahn tests negative. 

Cerebrospinal fluid (C.S.F.)—less than 5 cells per c.mm.; protein 25 mg. per 
100 c.c.; W.R. and Lange curve negative. 

Electroencephalogram (EEG) showed a well-marked dominant rhythm of 8-9 
cycles per second which was symmetrical and blocked normally. No focal abnorm- 
ality or epileptic outbursts were seen. During overbreathing occasional low voltage 
3 to 4 cycles per second waves occurred but no pathological significance was attached 
to them, particularly as the patient was in a fasting state. 


Case 2.—F. S., aged 38, employed as a die-caster, was referred to the Neurological 
Clinic at the Luton and Dunstable Hospital on December 5, 1949, on account of 
recent malaise and insensitivity to pin-pricks, noted by his doctor (Dr. J. G. 
Williams). He had apparently caught a feverish chill a month previously, became 
run down and complained of some frontal headaches. He seemed worried about 
himself and walked rather unsteadily without much confidence. After being 
examined and reassured, he made good progress and, when seen a week later, he 
walked normally and said he felt well. 

His wife said that he had never previously complained of headaches. He had 
often cut or burnt himself without showing pain. The only time she had seen him 
in severe pain was some nine months previously, when he had acute appendicitis. 

The patient said that, when aged 7 years, he had tried to jump over some iron 
railings but had impaled himself on a large iron spike, between his legs. He had 
to be lifted off and then walked home 2% miles, bleeding profusely. Thirteen 
stitches were required in the scrotum and perineum. He remembered no pain either 
from the injury or the treatment. 

When aged about 15 he developed a whitlow and had the finger-nail pulled off 
without pain. Later, when working in a coal mine, he had a severe but painless 
injury to the terminal phalanx of his right index finger. 

He liked very hot baths and when he worked in the colliery, other miners would 
not use a shower with him because they found it too hot. At his present job he 
worked with molten lead at 800° F. Sometimes it splashed on him but he did not 
mind and he made fun of the others who had to go to the First Aid Post if it 
happened to them. 

He said that he could take very hot plates out of the oven at home and that 
these only began to feel hot after a few seconds. He often picked up red-hot 
coals which dropped from the fire and replaced them. Sometimes if he handed 
the kettle from the fire to his wife, she would drop it because the handle was too 
hot for her to hold. 

He was able to take drinks which were much too hot for the rest of his family 
and he could also take large spoonfuls of ice-cream without discomfort. Although 
he never had to wait, like others, for a hot drink to cool, he would sometimes have 
to sip it slowly at first. 

He said that he had never had toothache. He had never had any teeth drilled 
nor had he had any extracted without an anesthetic. He said he had had cramp 
but not stitch, that he was not ticklish but had experienced itching from a rash. 
He described pulling up stinging nettles without being stung, although he noticed 
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red pimples on his skin. He had never minded walking barefooted on sharp stones. 

The only pain which he recollected was from pyelitis (which caused discomfort 
in the left loin) in 1944, and from appendicitis (which caused sharp pain and slight 
tenderness in the right iliac fossa) in March 1949. The former was relieved by 
chemotherapy and the latter by appendicectomy. In other respects he had always 
been healthy and there was no history of epilepsy or nocturnal enuresis. He said 
that he was rather ambidextrous; thus, although he used his right hand for writing, 
he used his left hand for sawing. He had done a good deal of boxing in his youth 
but had never been knocked out. He had had good reports at school and had left 
in the top standard. He got on well with his present firm for whom he had worked 
for three years. 

His father had died from silicosis but his mother, brother, wife and five children 
were alive and well. There was no family history of nervous disease and he said 
that the children all made a noise if they hurt themselves. Both his brother and 
one of his sons were left-handed. 

Condition on examination.—General: He was an alert, gay little Welshman. His 
response to a variety of short intelligence tests was rated average and he was 
Grade III (average) with a score of 42 in Raven’s Progressive Matrices test. As 
previously noted, he tended to be ambidextrous. He bore marks of recent injuries 
on his hands and several scars, including the large one on his scrotum. 


Eyes and cranial nerves: Eye movements, pupils and fundi were normal and 
visual fields were full. The corneal reflexes were sluggish but his eyes watered after 
repeated touching of the cornea with cotton-wool. There was no anosmia. He was 
able to take large helpings of mustard or horse-radish sauce without demur. Normal 


ag reflex. 

Motor system and reflexes: No wasting or fasciculation of muscles. Tone, power 
and co-ordination normal. Electromyographic records (right hand) normal. Tendon 
reflexes brisk and equal. Abdominal and cremasteric reflexes present and equal. 
Plantar responses flexor. 

Reaction to painful stimuli.—Pin-prick: He showed no discomfort to deep pin- 
prick, except occasionally on the face and trunk, if repeatedly pricked in the same 
place. No reaction to pin, pushed right through fold of skin at wrist. Could dis- 
tinguish between sharp and blunt end of pin and correctly localize the point of 
stimulation. 

Temperature: He did not object to holding his fingers over a lighted match. 
After about three seconds, however, he said he felt “numb” and he withdrew his 
hand. Subsequently a large blister appeared on the end of the index finger, but 
he had no pain at any time. 

He did not object to tubes of hot water or to ice on his face or abdomen. Appli- 
cation of the hot tube to his cheek made it flush and, if the water was boiling hot, 
he said that he felt some discomfort after a few seconds. He had no difficulty in 
discriminating between quite slight differences of temperature. 

Ciliospinal reflex: Pinching the skin of his neck produced neither discomfort nor 
pupillary dilatation. 

Deep pressure: Pressure over supraorbital nerves or on the sides of the neck, 
below the mastoid processes, produced only slight discomfort after being maintained 
for about 5 seconds, and he was able to continue to submit to pressure. He felt no 
pain when the Achilles tendons were compressed. Testicular compression caused 
no discomfort on the right side, but he felt some pain (not severe) after compression 
for about 7 seconds on the left side. 

Other forms of sensibility: Light touch and vibration were felt normally. He 
could not be tickled. Postural sense, stereognosis and two-point discrimination were 
ilso normal. No finger agnosia or confusion between left and right. 
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Muscle ischemia: Sphygmomanometer cuff was applied at a pressure of 
160 mm.Hg and fist clenched and unclenched every second, as in the previous 
case. He continued for over five minutes without discomfort. 


“Histamine headache”: After intravenous injection of 0-1 mg. histamine 
diphosphate he developed no headache though his face flushed and he said it felt 
warm within the first minute. His systolic blood pressure showed a temporary fall 
of about 20 mm. during the first minute. 

On another day as much as 0-4 mg. histamine diphosphate was injected intra- 
venously. This again produced transient flushing of the face. After about one and 
a half minutes he said that he noticed a slight tapping sensation at the back of the 
head, but he developed no headache or discomfort. 

Electric shocking: A faradic stimulus was applied by Dr. Richardson, as in the 
previous case. No objection was made to 40 milliamps for either 1 or 200 milli- 
seconds. 

Other investigations: X-ray skull and spine normal. 
Blood W.R. and Kahn tests negative. 
C.S.F. less than 5 cells per c:mm. Protein 35 mg. per 100 c.c. W.R. and Lange 


curve negative. 


Nore.—He had no pain from the lumbar puncture needle, which was used 
without local anzsthesia. Some 7 to 10 c.c. of fluid were removed. Twenty-four 
hours later he began to get headache which he described as severe and which lasted 


for about thirty-six hours. 

E.E.G. showed a stable dominant frequency at 10-11 cycles per second and there 
were no abnormal features either at rest or on overbreathing. 

Subsequently, when seen in November 1950 he said that during the past year he 
had remained liable to frontal headaches. These had some of the characteristics 
of migraine. He would wake in the morning with a dull feeling in the head, this 
would develop into pain during the day and he would feel easily irritable and upset 
by noise. He had no nausea or visual symptoms. The headache would be relieved 
by sleep and had usually gone by the following morning. There was no evidence 
of sinus infection and renal function tests were all normal. He was given ergota- 
mine tartrate tablets and these successfully aborted the attacks. He has had no 
more severe headaches. 


Case 3.—C. C., aged 76, will be described in less detail because his case was in 
many respects similar to the last two. His abnormality was, however, brought to 
light by a sudden attack of coronary thrombosis which was completely painless. 

He was admitted to the Lister Hospital, Hitchin, on January 12, 1951, under 
the care of Dr. E. D. H. Cowen (who kindly invited me to see him). He had felt 
unwell at a Masonic dinner and was brought into hospital one and a half hours 
later in a shocked state. On admission, he was cold, dyspnoeic, sweaty and cyanosed 
but he remained conscious and rational. He vomited but said that he had 
no pain. His pulse was 52 and irregular and his systolic blood pressure was 
80 mm.Hg. The heart sounds were soft but no abnormal clinical signs were found 
in the chest or abdomen. An ECG examination the same evening showed evidence 
of anterior coronary occlusion with inversion of the T wave in lead | and raised ST 
complex in leads 2 and 3. A diagnosis of coronary thrombosis was made. An 
ECG record, taken four days later, was confirmatory in that the same changes were 
much more marked. X-ray of the chest showed marked aortic atheroma and some 
left ventricular enlargement, but the lung fields were clear. Blood W.R. and Kahn 
test were negative. His condition rapidly improved with rest in bed. 

He said that on two previous occasions within the past six months he had had 
somewhat similar but slighter attacks with palpitations, sweating, weakness and 
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shortness of breath and no pain. He had no recollection of pain from any illness 
or injury, with two exceptions. These were when once in 1901 he had an 
unexplained attack of severe headache and vomiting lasting for a single day and 
when, recently, he had had discomfort from retention of urine due to an enlarged 
prostate. 

He had never had a fit, had always been healthy, and was unaware that he was 
in any way different from other people. He had been in the top standard (by 
examination) at school and had worked first as a coachman and then as a waiter. 
He said that as a schoolboy he never took any notice of being caned, that as a 
coachman he had once fallen heavily off his box without discomfort and that as a 
waiter he could handle very hot dishes and consume food and drink which were 
too hot for other people. A friend said that he seemed insensitive to cold weather 
and was often out in winter without a coat. The dental surgeon (Mr. W. R. D. 
Boyd) reported that he had previously developed an abscess of his soft palate which 
was apparently painless and he had not applied for treatment until the swelling 
caused mechanical obstruction and dysphagia. He was married and there was no 
relevant family history. 

Condition on examination: When examined on February 14, 1951, he felt well 
and was alert, cheerful and of good intelligence. His pulse was irregular from 
premature systoles and his B.P. was 180/100. His memory for recent events was 
rather poor but his response to simple mental tests was good for his age. He said 
that he had always tended to be ambidextrous, but he used his right hand for 
writing. He showed no spatial disorientation. There was no abnormality of eyes, 
pupils or optic discs and the visual fields were full to confrontation. Corneal reflexes 
were present. Sense of smell was normal. He was able to take large mouthfuls of 
mustard or horseradish sauce without discomfort or lacrimation. Cranial nerves 
were otherwise normal. 

The motor system was entirely normal. The tendon reflexes and abdominal 
reflexes were present and symmetrical; the plantar responses were not obtained. 

Though able to recognize pin-pricks and to distinguish between quite slight 
differences of thermal stimulation, he felt no pain from sharp pin-pricks, even when 
repeated in the same spot, or from a tube of boiling water held against his cheek 
or abdomen. Both pricking and heating caused a local flare in the skin. He 
could hold a finger in a match-flame for two or three seconds without any inclina- 
tion to withdraw it. He felt no discomfort from deep pressure over the seventh 
cervical vertebra or over the Achilles tendons. He was equally insensitive to 
sustained testicular compression. ‘Tactile sensibility, vibration sense, stereognosis 
and two-point discrimination were all normal. Muscle ischemia caused no pain, as 
shown by his ability to clench and unclench his fist every second with a 
sphygmomanometer band at a pressure of 180 mm.Hg round his arm. After 7 
minutes, he was still able to continue without discomfort. 


Case 4.—In addition to these adult cases, I have also encountered a small boy, 
nae 3% years, who had apparently been remarkably indifferent to pain during 
> first 2 to 2'4 years of his life but who had since then graduz lly developed a 
pe response to painful stimuli. When he was aged 22 months a newspaper 
article had Secaliad him as the baby who “knows no pain.” The child was seen 
by the courtesy of Dr. P. G. C. Jones who had recently become the family doctor. 
When examined by the writer he no longer showed this abnormality and the 
evidence rested simply on the account given by his mother. She, however, was an 
intelligent and reliable witness, and as there seemed no reason to doubt her 

testimony, the following details are given 
R. E., a boy aged 3 years 6 months, was seen on January 28, 1950. His father 
solicitor’s clerk) and his mother were both well but the mother and maternal 
grandmother were subject to migraine. He had one sister aged 914 years, who was 





346 ERIC C. O. JEWESBURY 


healthy but was said to be rather “highly strung” and unduly sensitive to pain 
Once, when in bed with a cold and aged about 3 years, she had had a minor attack 
of unconsciousness. It was said that her eyes had rolled up and that she was 
unaware of her surroundings for about two minutes. No convulsive movements 
were seen and she had no more such attacks. There was no other relevant family 
history. 

The child’s birth had been normal and he had developed quickly, sitting at 5 
months, standing at 9 months and beginning to talk before 12 months. He had 
had no infantile convulsions or early illness. He was a contented baby and showed 
no discomfort when teething. 

An unusual feature was that his eyes were brown at birth. However, a few days 
after birth he began to develop a series of pink patches on his skin. These patches 
became brown and in six months they were profuse except over his face and distal 
part of the limbs. This condition, subsequently diagnosed by dermatologists as 
Urticaria Pigmentosa, has persisted. It has never caused any itching. 

His mother said that she first realized that he was insensitive to pain when h« 
was aged about 16 months, when he chewed his fingers deeply and made them bleed 
without sign of discomfort. He often chewed them in going to sleep and she would 
see blood round his mouth. On retrospect, she then recollected other instances 
when he had showed no concern at minor injuries such as banging his head, scratch- 
ing his leg and getting a finger jammed in the hood of his pram. When aged 
1 year he had been inoculated without protest. About the same time he had on 
several occasions got his fingers caught under a door. He would push things under 
the door in play and when the door was pressed from the other side he would have 
difficulty in getting his hand out. The skin was sometimes rubbed off the backs of 
his fingers but he did not cry and merely seemed surprised at being unable to move 
his hand. Sometimes his fingers were trodden on but he did not try to withdraw 
them. 

When aged about 18 months he had his fingers in the hinge of a door when his 
sister was trying to force it shut. Three of his fingers were badly bruised and one 
of the nails afterwards became black. When asked at the time if he was not hurt, 
he showed no concern. At about the same time he burnt his hand on putting paper 
into a stove but made no complaint and it was not discovered till afterwards. His 
mother said that skin was burnt off the back of the hand and the third and fourth 
fingers, but none the less he had been using this hand in play, pushing it down 
the sides of his toy pram without discomfort. 

If he fell and grazed himself he never cried. Once he got several splinters in 
his hand but he seemed only interested in watching them taken out. He used to 
be able to put his arms in water which was much too hot for his mother to tolerate 
and his arms then became very red. He had picked stinging nettles without showing 
discomfort and it had been impossible to tickle him. He had had no major or 
minor operations. Control of bladder and bowel were achieved at about 2 years 
of age. 

His mother said that he gradually became more aware of pain and she first noticed 
a change at the age of about 2 to 2% years. At this time he seemed more sensitive 
to temperature and would withdraw his hand from hot water or other hot objects. 
It also became possible to tickle him. Recently he had complained of earache when 
he had a cold. Although he now tended to cry if he fell over he seemed to cry 
less from physical discomfort than perhaps as a social convention, acquired from his 
sister. He was rather timid, cried if his sister teased him and was frightened of 
strange dogs. When he was hurt, however, he never cried for more than a few 
moments. 

Condition on examination.—General: He was an alert rather shy little boy of 
normal physical development, apart from undescended testicles. He bore no scars 
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x bruises but he had a generalized eruption of Urticaria Pigmentosa, as previously 
noted. He was right-handed and his speech was normal. He performed Binet-Simon 
tests appropriate to his age without any difficulty. 

Eyes and cranial nerves: Eyes, including optic discs, were normal and visual fields 
were full to confrontation. Corneal reflexes present. No anosmia or other cranial 
nerve abnormality. 

Motor system and reflexes: No wasting or weakness of limbs. Arm reflexes not 
obtained but abdominal reflexes, knee-jerks and ankle-jerks present and equal. 
Plantar responses flexor. 

Sensory system: No obvious abnormality was found. He could distinguish the 
head from the point of a pin, flinched at the latter and said “it hurts.” He dis- 
tinguished between warm objects of different temperatures. He flinched and with- 
drew from very hot objects; he disliked holding ice in his hands. He showed signs 
of discomfort from firm pressure over nerves or tendons and he was easily tickled. 
Light touch, vibration and postural sense were normal. 

Response to faradic stimulation was not accurately assessed but he showed no 
inclination to withdraw until a stimulus of 4 milliamps for | millisecond was applied. 
This is within the high normal range for adults, though the majority do not tolerate 


2 milliamps. 


Other investigations: X-ray skull and lumbosacral spine normal. 

Blood W.R. negative. 

EEG.—the most prominent rhythms were at 4 and 8 cycles per record. Then 
record was immature and unstable but within normal limits for his age. No epileptic 
outburst or focal abnormality were seen. 


DIscuSSION 

These four cases illustrate the occurrence of defective appreciation of 
pain as a more or less isolated phenomenon. The patients were normally 
intelligent subjects and there was no evidence of any nervous disease such 
as tabes dorsalis, polyneuritis or syringomyelia to account for the condi- 
tion. In each case the insensitivity seems to have been congenital and, 
although striking in degree, was relative rather than absolute. 

In each of the first two cases a stimulus which was sufficiently severe, 
repeated or prolonged could cause pain. Thus, the first patient (G. W.) 


had experienced pain as a result of the severe injury to his finger when 


aged 13 years and he had also felt some pain when he burnt his hand 
badly. He disliked repeated pricking of any one part of his face and he 
found testicular compression to be unpleasant after a few seconds. The 
second patient (F. S.) also showed dislike of a summation of stimuli from 
pin-pricks repeatedly applied to the same place, chiefly on the face or 
trunk. He also showed a delayed response to testicular compression. 
Some kinds of discomfort were better appreciated than others. Both 
patients had felt itching and F. S. had suffered from internal pain as a 
result of pyelitis and appendicitis. He had also suffered from recent 
headaches, controlled by ergotamine tartrate. It was of interest that in 
spite of this and although he experienced a severe headache after lumbar 
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puncture, he developed no headache at all after intravenous injection of 
0-4 mg. of histamine diphosphate. 

The third patient (C. C.) was the most insensitive to all forms of pain 
but he had experienced discomfort from a distended bladder and he had 
once had a bad headache. He also withdrew his finger, after two or three 
seconds, from the flame of a lighted match. His painless attack of 
coronary thrombosis suggests the possibility that in other rare cases where 
such painless attacks have occurred, indifference to muscle ischemia might 
be found by the sphygmomanometer tests and the subjects might be 
congenitally insensitive to all forms of pain. 

In Case 4, according to the mother’s account, the child’s sensitivity to 
pain seems to have been delayed in development. The manner in which 
the child chewed his fingers and otherwise injured his hands is of signifi- 
cance because similar behaviour has been observed in rare instances in 
other children. These independent observations add weight to the 
mother’s testimony. Ford and Wilkins (1938) described three children, 
aged respectively 9, 8 and 7!4 years, who were insensitive to pain. The 
eldest of these had, as an infant, developed the habit of chewing his 
fingers and he would bite so hard that the fingers bled and they eventually 
became scarred and deformed. He was an average scholar (I.Q. 104). 
Roe (1950) has demonstrated a case of congenital indifference to pain in 
a girl aged 16 months; this child had developed several indolent ulcers of 
the hands due to her practice of biting her fingers. She was regarded as 


probably mentally retarded but not grossly defective. All forms of painful 


stimuli failed to produce the usual response; they seemed merely to amuse 
her. Boyd and Nie (1949) described a girl, aged 7 years, who rubbed big 
sores on her knees and fingers in crawling over rocks and stones. When 
she crawled she used the backs of her hands and would knock the skin off 
the knuckles and back of her wrist. She frequently burnt herself on the 
stove, but she made no complaint of any of these injuries. She chewed 
her tongue and she picked off the side of her nose, saying that it tickled. 
She was of average intelligence (I.Q. 92). 

The site and nature of the neurological lesion in such cases remains 
to be considered. Abnormality of sensation might result from disturbance 
of function at peripheral nerve, spinal cord, thalamic or cerebral level. A 
unique case of congenital peripheral nerve abnormality has recently been 
demonstrated by Lorber and Carmichael (1950) in a male child aged 3 
years. Not only did this child show no response to painful stimuli but, 
so far as could be judged, he also lacked postural and tactile sensibility. 
All the tendon reflexes were absent. Motor function was normal and 
intelligence was only slightly retarded. Electrical tests showed no evidence 
of any sensory action potentials in the arm and no cerebral response to 
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peripheral stimulation. Biopsy of a digital nerve showed complete absence 
of myelinated fibres, and in skin sections, stained for nerve fibres, neither 
bundles nor nerve endings could be seen. 

An abnormality of peripheral nerves could hardly account for the 
findings in my first three cases where all forms of sensation except pain 
were appreciated in the normal way and where the tendon reflexes were all 


present. It is of interest that local axon reflexes in these cases also remained 


unaffected—as shown by scratching, pricking, epilation or heat. More- 
over, the fact that these patients could accurately distinguish between the 
point and the head of a pin and between quite slight differences of 
temperature shows that there is no defective conduction of such sensations 
from the periphery, either by peripheral nerves or spinal cord. The defect 
is one of perception. Painful sensations are not recognized as such and it 
is the patient’s indifference and lack of suffering which are so notable. 

This selective indifference to pain is unlike the sensory disturbance 
that is known to result from lesions of the optic thalamus and spino- 
thalamic tract. In such cases the ability to distinguish between the sharp 
and blunt end of a pin or between slight differences of temperature is 
impaired and points of stimulation are imperfectly localized. Moreover, 
although the threshold for painful stimuli is raised, there is a distortion 
of the degree and quality of sensation after the threshold is passed. 
Persistent spontaneous burning pain, which tends to be accentuated by 
emotional stimuli, is also a feature of the thalamic syndrome. Extension 
of a thalamic lesion into adjacent structures (especially the internal 
capsule, rubrospinal tract or striatopallidal nuclei) frequently results in 
disturbances of movement in addition to the characteristic disturbance 
of sensation. 

The unawareness of pain in the type of case under consideration 
suggests a disturbance of cerebral function. It is in effect a form of 
agnosia. Schilder (1931) has used the term “pain asymbolia” to describe 
cases in which “there is no lack of sensation, no analgesia in the common. 
sense, but the psychic reaction to the sensation is absent.” He describes 3 
patients of different types to illustrate this condition, the first being an 
emotionally unstable man of 35 with sadomasochistic tendencies, the 
second a man of 46 with a psychotic depressive illness, and the third an 
hysterical woman of 35, whose inability to feel pain was confined to the 
left half of the body. While recognizing that such cases may result from 
a constitutional or psychological abnormality, he states that he has 
observed the same type of asymbolia for pain in connexion with acquired 
organic cerebral disease. Schilder and Stengel (1931) refer to 10 such cases, 
They believe that all types of lesion (“arteriosclerosis, trauma, softening, 
tumour or syphilis”) may lead to the symptom and that involvement of 
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“the anterior part of the lower part of the left parietal lobe” is the cause 
of asymbolia for pain. In this connexion it is of interest that Hemphill 
and Stengel (1940) have reported the case of a man aged 34 who fractured 
his left temporal bone and subsequently developed a disregard for painful 


stimuli, together with pure word-deafness. 

Some of Schilder and Stengel’s cases showed slight apraxia in relation 
to the body image and 6 had sensory aphasia. In 5 cases the asymbolia 
for pain disappeared together with the aphasia. Brief mention is made of 
the pathological changes in the brain in 3 cases, but these are somewhat 
unconvincing owing to the lack of adequate «ata. In one instance two 
tumours were present, the one in the left frontal lobe and the other in the 
left parietal lobe; in another instance unspecified cerebral “lesions” or 
“softenings” were scattered chiefly in the left frontal, temporal and parietal 
regions, while in the third case asymbolia for pain was observed after 
removal of a tumour from the left parietal region. It seems difficult on 
the basis of the evidence provided by Schilder and Stengel to make any 
dogmatic limitation of the site of the responsible lesion. 

Nevertheless, several features of the congenital cases described in the 
present paper are suggestive of some cerebral maldevelopment with special 
involvement of certain functions of the major hemisphere. The general 
effect of the cerebral maldevelopment or agenesis is seen in the variable 
tendency to epilepsy and mental defect, while disturbed function of the 
major hemisphere is suggested by the occurrence in some of these patients 
of left-handedness and defects of speech or reading. Sometimes also there 
is a family history of both these tendencies. 

Thus, Case | was subject to petit mal, had had nocturnal enuresis till 
aged 6 and had always been left-handed. Case 2 had an ambidextrous 
tendency and both his brothers and one of his sons were left-handed. 
Case 3 also had an ambidextrous tendency. The sister of Case 4 had 
apparently had one epileptic attack when aged 3 and his mother and 
maternal grandmother were subject to migraine. 

Among the more recently reported cases the following features are of 
note. Ford and Wilkins’ first patient had a mild congenital word-blindness 
but was of normal intelligence. The second stuttered at times, had had 
three epileptic attacks, often wet the bed and showed various behaviour 
disorders. Both his parents were of low intelligence. The father was 
violently aggressive and the mother had had convulsions in childhood and 
been in a mental defective institution. The third was of low normal 
intelligence, was emotionally unstable and wet the bed. The family were 
of less than average intelligence. Kunkle and Chapman’s case was epileptic 
and Boyd and Nie’s patient showed some tendency to left-handedness. 
The child reported by Roe, although probably mentally retarded, was not 
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grossly defective. The father, however, was a high-grade mental defec- 
tive and the mother had been in a mental hospital. Farquhar and Sutton’s 
patient had a coarse tremor of head and hands, an unsteady gait and she 
did not talk clearly or play with other children. 

It seems that pathological indifference to pain may thus be accom- 
panied by a very variable degree of disturbance of general cerebral func- 
tion, but there is little clinical evidence in such cases to indicate a lesion 
of any particular part of the brain. Just as the function of speech has 
come to be regarded as widely represented in the major hemisphere 
rather than localized to a single gyrus, so it may be that the appreciation 
of pain depends upon the integrity of more than the left supramarginal 
gyrus, which is particularly incriminated by Schilder and Stengel. 

Parietal lobe lesions in the major hemisphere are known to produce at 
times certain special symptoms such as finger agnosia, acalculia, agraphia, 
right-left disorientation and constructional apraxia, but indifference to 
pain is not a usual feature in such cases. Nor were the pathological 
lesions in the cases of “pain asymbolia,” described by Schilder and Stengel, 
confined to the left parietal lobe. 

Rubins and Friedman (1948), however, have described 4 patients who 
showed pain asymbolia in addition to agraphia, disturbance of body 
image, acalculia and other features indicative of a left parietal lobe lesion. 
All were aphasic and had weakness of the right side of the body; 2 showed 
a right homonymous visual field defect. One had a gunshot wound 
involving the left temporal and left parieto-occipital region, one had a 
glioma in the inferior parietal lobe, and the two others were arteriopaths. 
As the authors observe, however, the presence of a circumscribed lesion 
of the cortex does not permit the conclusion that the clinical symptoma- 
tology is a manifestation of the loss of a function lying in that area 
alone. Many association fibres may be specially integrated in the major 
hemisphere, but the conception of a localized “pain-centre” appears 
altogether too mechanistic and reminiscent of the old maps of cortical 
geography. 

The effect of leucotomy in abolishing the perception of pain is well 
known. It is not the sensation of pain but the emotion of suffering which 
is'thereby destroyed and it may be that in the cases under discussion 
cortico-thalamic and other association fibres are similarly defunct. The 
usual operation is, of course, bilateral and it is of interest that leucotomy 
confined to the major hemisphere is not effective in abolishing the reaction 
to pain (McKissock, 1951). 

If congenital indifference to pain is to be regarded as a form of cerebral 
agenesis it is not surprising that it should be encountered in mental 
defectives and in association with epilepsy. On the other hand cerebral 
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diplegics, believed to be suffering from varying degrees of cerebral agenesis, 
do not ordinarily show this symptom, although many of them do tend 


to be left-handed. 

Where indifference to pain occurs as a result of some stronger 
emotional influence or in some form of thought disorder, one can only 
assume that cerebral nervous impulses are temporarily blocked or 
inhibited by an overpowering mental process. 

The story of Case + suggests that the structural development of parts 
of the brain responsible for pain appreciation may be delayed in early 
childhood, while in Cases 1, 2 and 3 it is evident that this faculty has 
never fully developed. This faulty development may in other cases be 
part of a general mentally defective state but the 3 cases described show 
that congenital indifference to pain, like congenital word-blindness, may 
be found in adults of ordinary intelligence. 

Whether the cerebral abnormality in such cases be functional or struc- 
tural, the conception of a circumscribed cortical centre for pain apprecia- 
tion seems, from the evidence, an over-simplification of the problem. Like 
many other faculties attributed to the region of the left supra-marginal 
gyrus, the perception of pain seems to be a more generalized cerebral 


function. 


SUMMARY 


It is well known that temporary insensitivity to pain may occur in 
states of profound emotion, hysteria or hypnosis. The condition has also 
been observed in some cases of personality disorder following encephalitis 
lethargica and in some forms of psychosis. 

Persistent insensitivity to pain may occur with mental deficiency, 
usually in direct proportion to the defect. 

Insensitivity to pain has also been described with various cerebral 
lesions involving the major hemisphere, particularly the parietal lobe. 

In rare cases insensitivity to pain occurs as a congenital abnormality, 
associated with little or no mental defect. In such cases there may be a 
personal or family history of epilepsy, personality disorder or tendency 
to left-handedness. 

Three cases of congenital insensitivity to pain in adults of ordinary 
intelligence are described. It was notable that, in spite of their indifference 
to physical discomfort, the subjects had no difficulty in distinguishing 
different kinds or degrees of painful stimuli. 

A case of a child who had seemingly been indifferent to painful 
stimuli until the third year of his life is also described. 

The site and nature of the lesion responsible for congenital insensitivity 
to pain are discussed. The phenomenon resembles an agnosia and may 
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result from a faulty development of cortical or cortico-thalamic pathways, 
or faulty integration of nerve impulses within the major hemisphere. 
The conception of a focal lesion in a circumscribed cortical “pain-centre” 


appears to be an over-simplification of the condition. 
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FURTHER STUDIES OF THE EFFECTS OF CORTISONE AND 
ACTH ON NEUROLOGICAL DISORDERS 
BY 
G. MILTON SHY! and DONALD McEACHERN 


INTRODUCTION 
Tue effect of cortisone and adrenocorticotropic hormone has been 


studied in 45 patients with various neurological disorders. Results in the 


first 16 cases have been described previously (Shy, Brendler, Rabinovitch 
and McEachern, 1951). The present report confirms the original findings 


and extends our observations to several other neurological disorders. 


MATERIALS AND METHODS 

The conditions studied are listed in Table I. 

The first 25 patients were admitted to hospital, and many specialized examina- 
tions were carried out. These will be reported below. Cortisone was administered 
intramuscularly, the usual dosage being 100 mg. per day in depots of 50 mg. each. 
In a few cases ACTH was used. This was administered intramuscularly, with a 
small amount of novocain, in doses of 25 mg. every four or six hours. More recently 
we have conducted our trials on an out-patient basis, the patients returning three 
times a week for check-up. In these instances, cortisone was given by mouth in a 
dosage of 25 mg. four to eight times daily. 


TABLE I 
Conditions investigated No. of patients 
Myotonia atrophica 
Myotonia congenita 
Myasthenia gravis 
Dermatomyositis si re ve 
Muscle dystrophy occurring with lupus erythematosus 
Amyotrophic lateral sclerosis 
Peripheral neuropathy 
| Raynaud’s - 
Vascular diseases - Thromboangiitis obliterans | 
| Polyarteritis ee 
Progressive muscular dystrophy 
Menopausal muscular dystrophy ia = nee 8 
Miscellaneous : , bss . ; oe 10 


Ww wDN WW — WwW 


7) 


Total 45 


Muscle biopsy was done in 25 cases. Daily urinary output of creatine and 
creatinine was measured in 20 cases, the patients being on a meat-free diet. Electro- 
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encephalograms were made before and during therapy in 19 instances. Studies of 
serum cholinesterase were made in 6 instances. Changes in muscle power were 
graded frequently by the standard scale of the Medical Research Committee of 
Great Britain (1943), and by pulley-weight mechanisms and ergometric devices. 
Contractures were measured by limitation of movement at joints through the use 
of large angle protractors. The ability to synchronize voluntary movement with 
a metronome, as well as electrographic recordings and ordinary clinical procedures, 
were used to test the degree of myotonia. Myasthenic responses were graded at 
a fixed time after prostigmin ingestion. 


RESULTS 

Generat.—The usual feeling of well-being was experienced by almost 
all of our patients. They described this as an increased clarity of mind 
and thought—a clearing of “cobwebs”; appetite was better; sleep was less, 
but not in an unpleasant way. This is often referred to as euphoria, but 
it does not express itself in any pathological way. Perhaps all of us need 
a little cortisone. Real improvement of clinical symptoms can, however, 
be assessed in an objective way. 

Eosinopenia, water storage, mild diminution of sugar tolerance, were 
the rule, but these did not warrant discontinuance of treatment in any 
instance. No vascular hypertension occurred. Slight increase of facial 
hair growth developed in a few female patients. Other investigators have 
described these events in detail. 

Some special studies deserve mention. 

(a) Serum cholinesterase: In each of 6 patients with different neuro- 
logical disorders, cortisone caused a fall of serum cholinesterase. This was 
not remarkable, however. The decrease had no rela‘ion to clinical events, 
and it took from one to three weeks to occur. A reduction from 120 units 
to 90 units is a typical example. This does not approach the decrease 
caused by neostigmine, D.F.P. or other anticholinesterases when they are 
given in sufficient dosage to cause definite neuromuscular effects. We 
record the phenomenon, however, for what it is worth. Bardawill et al. 
(1951) have observed a similar fall of serum cholinesterase during ACTH 
therapy. 

(b) Creatinuria: It has been a source of disappointment to us that no 
significant change in urinary creatine or creatinine output has been found. 


This statement holds both for those patients with gross creatinuria (e.g. 


myotonia atrophica, progressive muscular dystrophy) who did not improve 
with cortisone, and those patients without gross creatinuria (e.g. meno- 
pausal muscular dystrophy) who did respond to cortisone. 


(c) Electroencephalograms: Records were obtained from 19 consecutive 
patients. In 18 instances no change was observed during cortisone therapy. 
The remaining case will be discussed later. 
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SpeciFic.—M yotonia: 3 patients with myotonia dystrophica have been 
treated with cortisone. The myotonia, which was largely confined to the 
hands and tongue, was abolished in 2 instances and nearly so in the third. 
One of these patients had a repetitive response in the electromyogram 
from the thenar muscle which lasted for 83 seconds after mechanical 
or electrical stimulation. This was reduced to zero after seven days of 
cortisone therapy. The myotonia returned within a few days of cessation 
of treatment. No change was noted in the dystrophy during the brief 
period (three weeks) of treatment. 

One patient with myotonia congenita has been studied. There was 
severe myotonia affecting most of the voluntary muscles, together with 
muscular hypertrophy. The Herculean build dated from birth. The 
myotonia was a great handicap to him in his work as an upholsterer. 

Since myotonic muscle is very sensitive to the potassium ion, and since 
the adrenal corticoids tend to shift potassium out of the cells, ACTH was 
administered because of its power to produce strong mineral corticoid 
effects. The dosage was 150 mg. daily, intramuscularly, in divided doses 
every four hours. By the ninth day, after only 5 seconds to “warm up,” the 
patient could synchronously move his arm with a metronome set at 130 
per minute. Previously it had taken 83 seconds to synchronize. By the 
14th day no clinical myotonia could be found. 

ACTH was then discontinued and DCA was commenced in doses of 
15 mg. intramuscularly daily. Despite this large dosage of a substance 
having largely mineral corticoid effects, the myotonia began to return 


and by the ninth day of treatment was as bad as ever. This was a surprise 


and a disappointment, since we had envisaged the possibility of implanting 
a pellet of DCA to give him practical and long-term relief from his 
myotonia. 

Finally DCA was discontinued and cortisone was started by mouth in 
a dosage of 150 mg. daily. Again there was marked improvement of the 
myotonia, but it was not completely abolished as with ACTH. It is hoped 
to keep him reasonably free of myotonia with cortisone taken by mouth 
in maintenance dosage. 

Myasthenia Gravis: We have treated 3 patients with this condition. 
A severe increase of myasthenic symptoms occurred in 2 cases, and 
cortisone had to be discontinued within a week. The other patient showed 
no improvement. Symptoms recovered to the pre-treatment level when 
cholesterol injections were substituted for cortisone without the patient’s 
knowledge. No rebound improvement could be detected. 

A typical example is patient B. S., a 42-year-old farmer with a five- 
month history of increasing ptosis of the eyelids and fatigability of the 
chewing muscles and upper limbs. He had been able to work, however, 
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while taking 60 mg. of neostigmine daily by mouth. Cortisone was started 


and neostigmine was continued, but he became rapidly worse. Ptosis and 
generalized weakness increased and he developed double vision and difh- 
culty in swallowing. These results offer no therapeutic promise, but they 
are of interest from the viewpoint of the mechanism of myasthenia gravis. 


Dermatomyositis and Lupus: These conditions behave like “inflam- 
matory” diseases of muscle, but we use this term with reserve in view of 
recent metabolic studies. The conditions seem to blend into one another. 
In some instances muscle changes are predominant, in others the skin is 
most affected. Constitutional changes such as fever, tachycardia, increased 
sedimentation rate, may or may not be present. It is not generally recog- 
nized that profound muscular involvement may occur with acute 
disseminated Lupus erythematosus and that it may be the most important 
and the lethal episode of the disease. 

Here again we meet with bewildering differences in the response to 
cortisone. 

Two patients with lupus have been treated. One, H. S., female, aged 
34, had such weakness of the proximal muscles of both pelvic and shoulder 
girdles that she could not lift the extremities against gravity. On the 
sixth day of cortisone she was walking and she began to climb stairs. She 
has been maintained on cortisone and has been free of symptoms for 
eighteen months. The second patient (O. K., female, aged 19) did improve 
in that the skin erythema faded, tachycardia ceased, fever and muscle- 
cedema disappeared. Muscle power did not improve, however, and the 
patient could not lift either arm and had to be tube-fed until death. 

The other 3 patients had rubbery thickening, pigmentation and 
atrophy of the skin. The muscles were tough and had marked contrac- 
tures. We diagnosed these cases as dermatomyositis. All of these patients 
showed some degree of improvement. An example is given below: 

E. M., aged 27, was well until two and a half years before admission. Three 
months following her first pregnancy she began to have intractable vomiting. This 
occurred within minutes after ingestion of moderate amounts of food. All she 
could retain was cereal and milk, and after six months she became severely toxic 
and febrile. There was generalized, boggy oedema of the limb muscles, and difficulty 
in swallowing. The muscular oedema subsided after about ten days, leaving her 
with thickened, atrophic skin under which were hard, fibrous bands of muscles. 
Vomiting continued for two years prior to admission. She said, “The food will 
not pass.” Barium studies revealed a grossly dilated duodenum with a constriction 
near the mid-duodenum. 

The patient was almost completely paralysed and could not raise her arms from 
the body. She could not lift her legs from the bed. Severe contractures were 
present at all mobile joints. There was generalized muscular wasting, and the 
muscles felt like tough, fibrinous cords. The skin was atrophic and could not be 


wrinkled. Surgical exploration of the abdomen did not reveal any cause for the 
obstruction. We have wondered whether it could have been due to sclerodermatous 
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changes affecting the duodenum. Cholecystectomy was done, since gall-stones were 
found at operation. The patient was pli iced on cortisone nine d: 1ys before operation. 
Five days after operation the vomiting ceased and she began to retain fair amounts 
of food for the first time in two years. She was eating a normal diet nine days 
post-operatively, and by this time was able to abduct and flex the arms enough to 
feed herself. She was able to walk with support on the 12th post- operative day. 
Cortisone was stopped on the 16th _post- operative day and vomiting recurred. 
Re-institution of cortisone again stopped the vomiting, and the patient has continued 
to improve slowly since then. 


It seems that cortisone can cause repid reversal only in the early, acute 
stages before fixed tissue changes have set in. We now look upon these 
cases as medical emergencies. 

Amyotrophic lateral sclerosis—3 patients with this condition were 
treated with cortisone. No improvement occurred, and 2 of the 3 patients 
have since died. 

Peripheral neuropathy (Polyneuritis).—3 patients with peripheral 
neuropathy of undetermined origin showed no response to cortisone. These 
patients suffered from symmetrical weakness of the limbs with little or no 
sensory involvement. Muscle biopsies in all 3 showed changes suggestive 
of denervation atrophy and no evidence of dystrophy. 

Vascular disorders.—We have studied 6 patients with vascular disorders 
affecting the muscles or central nervous system. One had a progressive 
obliterative arterial disease akin to thrombophlebitis obliterans. There 
was no improvement. 2 had Raynaud’s disease. One of these had sclero- 
dermatous skin changes in the fingers, and the tissues softened and ulcers 
disappeared. The other had pure vasomotor spasm with cyanosis of the 
finger tips. No improvement resulted. 

The remaining 3 patients had polyarteritis affecting a variety of organs 
in succession. The diagnosis was suspected on clinical grounds, but was 
confirmed by muscle biopsy which showed arterial lesions in all 3 cases. 
One patient died of uremia due to polycystic kidney disease—an unrelated 
phenomenon. The other 2 responded to cortisone and are on maintenance 
dosage now. 

An example of polyarteritis is given below: 

E. W., male, aged 54, was afflicted in succession over several months by temporal 
arteritis, angina pectoris and intermittent claudication in the legs. These symptoms 
cleared without any treatment. He then developed anorexia, vomiting and a partial 
spinal cord lesion of the Brown- -Sequard type. Manometric tests were negative and 
the cerebrospinal fluid was normal. All symptoms cleared under cortisone and 
reappeared again when it was discontinued. Maintenance therapy is _ being 


continued. 


Progressive Muscular Dystrophy.—Cortisone was administered to three 


patients with juvenile progressive muscular dystrophy. There was no 
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obvious clinical improvement. Urinary creatine remained abnormally 
high and there was no increase in the amount of performed creatinine. 


Menopausal Muscular Dystrophy.—We have administered cortisone to 
8 patients in whom this diagnosis has been confirmed by biopsy. This 
dystrophy appears gradually, or sometimes rapidly, in the late 40’s 
thereafter. Women are usually affected, but we have seen three men with 
the condition. There is symmetrical weakness of the girdle muscles, 
especially those of the hip girdle. This results in the four most charac- 
teristic symptoms of the disease: (a) inability to rise from a chair 
unassisted; (b) difficulty in climbing stairs; (c) a tendency to unpredictable 
falls; and (d) inability to raise the arms above the head. Since there is no 
evident wasting, and since deep reflexes are usually intact, the condition is 
often unrecognized or is attributed to the enfeeblement of age. Creatinuria 
is usually not present and it has been a disappointment to us that success- 
ful treatment with cortisone has not led to any appreciable change 
creatine or creatine output. It may be significant that the one patient 
who did not improve with cortisone showed marked and _ persistent 
creatinuria. 

Microscopic examination shows patchy necrosis and phagocytosis of 
the muscle fibres with little interstitial response. This form of dystrophy 
has been described by us in detail elsewhere (Shy and McKachern, 1951). 


Patients with menopausal muscular dystrophy may respond dramatic- 
ally to cortisone. Beginning about the fifth day after institution of treat- 
ment there is a feeling of increased strength and a perceptible increase in 


muscle power. 

A typical response is that of C. M., female, whose symptoms commenced ten 
years prior to investigation, at the age of 44, and in the same year as the menopause. 
When first seen she could not lift either leg from the examining table against gravity, 
and she had marked weakness of the shoulder girdle. On the sixth day of cortisone 
therapy she could easily lift either leg off the table against moderate resistance. 
After three weeks’ treatment she is still unable to climb stairs without support 
from the railing, but she can now easily do her hair and lift objects from high 
shelves. She is continuing to improve. 

The greatest improvement occurs in the first two weeks of treatment, 
but some further gain may be made in the next month or two. These 
patients have to be maintained indefinitely upon cortisone. They are as 
dependent upon it as the diabetic is upon insulin. 

Only one of our patients has recovered completely normal muscle 
power. The progress of her case was relatively acute and cortisone was 
begun early (three months) after the onset of symptoms. Symptoms recur 
in a few days if cortisone is discontinued, however. The other patients 
have shown varying degrees of recovery—usually of sufficient degree to 
spell the difference between invalidism and useful activity. 
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Most patients have had slowly progressive weakness for from two to 
ten years before the condition has been diagnosed and treatment has been 
instituted. It is highly desirable that physicians recognize the picture so 
that treatment may be started early. 

One patient showed no improvement whatever despite the fact that 
clinical features (except for a gross creatinuria) and muscle biopsy were 
typical of menopausal dystrophy. We speculate as to whether cortisone 
may not have to be converted by the body into some other substance 
(e.g. compound F) which may have anti-dystrophic activity. Some 
patients might lack the enzymatic machinery to make this conversion, 
and thus show no response to cortisone. 

Hollander et al. (1951) have recently shown that cortisone, when 
injected into the inflamed joints of patients with rheumatoid arthritis, 
failed to cause resolution of the local inflammatory process. Compound 
F was effective, however. The conclusion is that cortisone, when given 
systemically, may be changed by the body to compound F or some other 
active substance capable of affecting the arthritis. 

Maintenance Dosage-—We have met with no condition responding to 
cortisone in which maintenance dosage is not necessary. In other words, 
there have been no cures. Fortunately the hormone can be given by 
mouth and indefinitely. Eight of our patients have been taking it for a 
year or more, and they cannot do without it. 100 mg. per day is the usual 
amount, and patients find that this is best distributed by one 25 mg. pill 
taken four times daily. 

Complications—These have been overrated. Perhaps the reports of 
ACTH effects are responsible. ACTH calls forth a flood of adrenal 
steriods that are apt to cause many side effects. With cortisone we have 
met with few. Sodium retention and water loading is of course the rule, 
but a low sodium diet often corrects this. Potassium deficit may occur, 
but this can be countered by potassium chloride, meat broths or orange 
juice in the diet. We have not had to discontinue treatment in any case 
because of these factors. 

One of our patients, female, aged 19, developed catatonia on the 14th 
day of cortisone therapy. This was not reversed when cortisone was dis- 
continued. Serum potassium and sodium levels were normal, and the 
electrocardiogram did not show any evidence of potassium deficiency. 
The electroencephalogram showed a depression of the alpha rhythm that 
returned to normal when sodium amytal was given intravenously. The 
patient then readily conversed. Psychiatric consultants felt that this 
patient had been a potential psychiatric problem before administration of 
cortisone. No improvement occurred with administration of ACTH, 
potassium or testosterone. One month after onset of symptoms electric 
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shock therapy was instituted with a reversal of symptoms. The patient 
has received 16 shock treatments, spaced now at two-weekly periods. If 
an interval longer than this elapses the patient again sinks into a catatonic 


mute state. There is no proof that this psychosis was precipitated by 
cortisone. It may have been a coincidence. The possibility is so important 
in its connotations, however, that we report it. 


SUMMARY 

(1) Forty-five patients with various neurological disorders have been 
treated with cortisone or with ACTH. 

(2) In three cases of myotonia dystrophica the myotonia was abolished 
during treatment with cortisone but it returned when treatment was dis- 
continued. No improvement was noted in the dystrophic process. 

(3) In a case of myotonia congenita the severe, generalized myotonia 
was abolished during treatment with ACTH. It returned, however, 
during treatment with DCA. The myotonia decreased again under 
treatment with cortisone. 

(4) Three cases of myasthenia gravis received cortisone. In two 
instances the myasthenia became much worse during treatment. Symp- 
toms returned to their previous level when the hormone was stopped, but 
there was no rebound improvement. These observations may be of 
importance from the viewpoint of mechanism of the disease. 

(5) Three patients with dermatomyositis were improved by cortisone. 
The degree of improvement depends, however, upon the amount of fixed 
tissue damage. We now look upon these cases as medical emergencies. 

(6) A profound state of muscle dystrophy may occur during the 
course of acute disseminated lupus erythematosus. In one case this 
responded remarkably to cortisone. In another case the muscle weakness 
was unaffected by either ACTH or cortisone, although the constitutional 
symptoms such as fever, etc., were abolished. 

(7) Three cases of amyotrophic lateral sclerosis and three cases of 
peripheral motor neuropathy were uninfluenced by cortisone. 

(8) Two cases of Raynaud’s disease have been treated with cortisone. 
In one patient with induration and ulcer formation on her finger tips these 
skin changes cleared up. The other patient suffered from pure vasospasm 
and this was unaffected by the treatment. 

(9) Two out of three patients with polyarteritis were improved by 
cortisone. Relapse occurred when the drug was discontinued. 

(10) No improvement was noted either in clinical symptoms of 
creatinuria in three cases of progressive muscular dystrophy of the child- 
hood type. 

(11) Seven out of eight cases of menopausal muscular dystrophy have 
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shown striking improvement with cortisone, but maintenance dosage is 


necessary. 
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A CASE OF ORGANIZED VISUAL HALLUCINATIONS IN 
AN OLD MAN WITH CATARACT, AND THEIR RELATION 
TO THE PHENOMENA OF THE PHANTOM LIMB 
BY 
J. E. A. BARTLET 
(From the National Hospital, Queen Square) 


Tue following case is published as it appears to present a well-defined 
syndrome of illusionary visual hallucinations, occurring in an elderly 
patient with bilateral cataract, amenable to any treatment that will 
improve visual acuity. It is probably more common than the literature 
would lead one to suspect. 

In 1902 Th. Flournoy discussed the visual hallucinations of Charles 
Lullin, the maternal grandfather of Charles Bonnet, and had the patient’s 
own observations published. This old man had very similar visual pheno- 
mena to those of the subject of this paper following on bilateral cataract 
extractions. He saw people, animals and tapestries covered by figures. 
He did not confuse the appearances with reality, and was pleasantly amused 
by them. As in the two following cases and the one under discussion 


memory was good, and intellect not impaired considering the age of the 


patient. 

The philosopher Ernest Naville in 1909, at the age of 94, described 
in himself similar phenomena. He states that his vision was adequate 
for everyday life, but that he had great difficulty reading and writing. 
An oculist’s opinion given to the patient was: “Vous pouvez affirmer 
hardiment que vous n’avez aucune lésion organique quelconque dans les 
fonctions de la vue et que ce dont vous souffrez est simplement la con- 
séquence de l’dge et de l’usure d’un organe trés longtemps employé.” 
Such a statement made to a patient could well cover lens opacities or 
retinal degenerations or both. As with Lullin there was no confusion of 
the hallucinations with reality. 

H. Flournoy (1923) describes the case of an elderly man who at the 
age of 86 had a rapid deterioration of visual acuity following on a seven- 
year history of poor vision due to cataract. His patient also had a macular 
hemorrhage and retinal degeneration in the right eye. From this time 
until his death at the age of 92 he had visual hallucinations in many 
ways similar to those of the patient to be discussed, but differing in that 
they were present with the eyes closed and in their objective reality to the 
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patient. Flournoy’s patient was able to pick up his illusionary figures and 
throw them from him. He also could feel their touch, or the pressure 
of the hooves of a diminutive horse standing on his hand. He could give 
orders to the subjects of his hallucinations which were carried out. 

Brunerei and Coche (1936) described visual hallucinations in three 
patients with cataract. 

The first case, aged 78, was complicated by the fact that he had an 
alcoholic psychosis, but there appears to have been a phase in his illness 
when following bilateral cataract extraction he saw appearances that fit 
into the same category as those of our patient. 

The second patient was only 52 years old and the authors considered 
her cataracts, which took only one and a half to two months to develop, 

be due to an endocrine disorder. She had a series of very simple 
hallucinations which were relieved by restoration of sight by removal of 
the pathological lenses. 

The third, aged 66, was an inmate of a mental hospital with patho- 
logical irritability and agitation. He had advanced bilateral cataracts, 
being unable to count fingers at a few centimetres distance. He had a 
series of hallucinations of familiar people and scenes, and was able to 
distinguish them from reality at the time of occurrence. This patient 
also had auditory hallucinations, the people seen talking to him. 

Daumezon (1936) describes a patient who was insane. He was 83 years 
old and had bilateral cataracts. He had hallucinations of people, animals, 
trees and forests. The appearances often took the form of heads alone. 
This patient also had auditory hallucinations; but the author classifies his 


visual phenomena along with those of Lullin referred to by Th. Flournoy. 
Pesme (1939) had a patient aged 93 with bilateral cataract and hyper- 
tension who had hallucinations of pleasant scenery, men, women and 
children and who probably fits into the same category. 
Patry (1939) describes a patient aged 82 with advanced cataract who 
first saw blue and red flowers, and later animals, and people who spoke 


to him. 
Case History 

Mr. E. W., aged 84, a retired printer, had a right cataract extracted on March 
21, 1947. On September 7 7, 1949, a capsulotomy was performed on the same eye. 
On July 10, 1950, it was noted at Moorfields Hospital that he had a dark mass at 
the right macula which was considered to be becoming larger. On August 11, 
1950, a left cataract was removed. 

He was referred to Dr. Macdonald Critchley on August 25, 1950, on account of 
visual phenomena, and admitted to the National Hospital six days later. 


He gave the following history: 
Since about a year and a half after the right catract extraction he had seen a 


circle made up of green and red oblongs with a face resembling a Red Indian in 
the centre. The size of the circle varied directly with the distance at which it was 
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scen, the maximum size being about 7 ft. in diameter. It lasted up to about one 
minute, at the end of which time it became a red blur, and fell as it faded. Closing 
the left eye had no effect on the appearance. Closing the right eye usually caused 
it to disappear immediately. On occasion it faded gradually over a period of up to 
one second after closing the right eye. When this occurred there was no alteration 
in the colour such as might have suggested an after-image. On moving the eye 
the appearance moved in the same direction. He was still seeing it occasionally 
at the time of admission. 

A few days after the operation on August 11, 1950 (left and second cataract 
extraction) and when the left eye was still bandaged, he looked out of a doorway 
and saw a woman dressed in white standing there. He looked away several times 
but each time on looking back she was still in the doorway. Two other patients 
walked through the appearance. The same evening he saw a different, slimmer 
woman, this time dressed in pink and green, in the same doorway. The patient’s 
sister who was with him told him there was nothing there. 

Since then he had had many “apparitions,” seeing firescreens, a wine-bin, flower 
stands, wire netting (which he had not handled for eighteen years) and many other 
objects. 

He had seen on several occasions a wire cylinder about 18 in. high on the 
table. By moving his eyes he could make it rise up, cross from right to left, and 
return to the table where it disintegrated. 

At night, immediately before going to sleep, but before closing his eyes, he 
had seen processions of people moving from right to left. They might take the 
form of children with knapsacks on their backs or old men with bizarre headgear. 
On one occasion he had seen an old fashioned charabanc made of wire netting 
with men wearing mushroom hats sitting in it. 

The usual colours were white, green and pink or red. Occasionally grey or 
black were the predominant colours. On one occasion he saw a bird like a hen 
pheasant about the size of a partridge with perfect and correctly coloured feather 
markings coming towards him. He remarked: “I suppose it took its colours from 
the bgt Blue, purple and yellow were excessively rare. 

had never seen anything abnormal in darkness or with the eyes closed. 
W ae wearing a green eye shade he had only seen an occasional and very faint 
circle with the Red Indian face in the centre, but nothing else abnormal. 

He had taken an intelligent and rather impersonal interest in the “apparitions,” 
on occasion being rather amused. 

There were no hallucinations referable to other senses either associated with or 
dissociated from the visual phenomena. 

He had noticed no mood change or memory impairment. This was confirmed 
by his daughter. 

He had had no headache, attacks of unconsciousness or any other symptoms 
apart from progressive deafness and mild frequency of micturition. 

The family history was one of good health and longevity, and his past health 
good apart from two attacks of gout. Aged about 45 he had had a piece of steel 
removed from the righ cornea and, in April 1939, he had received a cut on the 
right forehead without loss of consciousness or damage to the left eye. 

He smoked 4 oz. of pipe tobacco per week and drank only an occasional glass 
of beer. There was no history of him having any of the drugs known to produce 
hallucinations previous to admission to hospital. 


Examination revealed a cheery and garrulous old man without mental deteriora- 
tion. Apart from the visual phenomena he had no delusions or hallucinations. 
His memory for remote events was excellent and his recall good considering his age. 
He had a digit span of 6 forwards and 4 backward and he made one mistake with 
the Babcock sentence at the third attempt. 
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Apart from the findings in the eyes and a bilateral nerve deafness and perfora- 
tion of the left drum, general and neurological examination revealed no abnormality. 
There was no bruit, tenderness or irregularity of the skull. The peripheral vessels 
were in good condition and the blood pressure 120/60. The urine specific gravity 
was 1020 and it contained no albumen, sugar, or ketones. 


Visual system.—V.A.R. hand movements only uncorrected, 1/60 corrected. 
V.A.L. 1/60 uncorrected, 6/60 corrected. 

Fields to rough testing were full to confrontation with no attention defect. On 
testing on the Bjerrum screen with a correction of plus 12 dioptres the right visual 
field showed a central scotoma of about 5 degrees for a 5 mm. white object at 2 
metres. There was no central scotoma in the left field. 

The primary colours were recognized accurately. 

Fundi, right: The disc margins were clear cut and the vessels normal. There 
was a dark mass at the macula about two-thirds of a disc diameter in size. 

Mr. Williamson Noble expressed the view that the condition of the macula 
was probably the aftermath of a hemorrhage from the choroid. 


Left: The pupil was not sufficiently dilated to see the fundus accurately, but no 
abnormality was seen. 

Pupils: The right was large, irregular and fixed to light and accommodation. 
The iris showed the defect of a partial iridectomy. The left was small and reacted 
stuggishly to light. The iris showed the defect of a partial iridectomy. 

The external ocular movements were full. There was no nystagmus or strabismus. 

X-ray of skull showed no significant abnormality. 

Electroencephalogram (EEG) was almost arrhythmic, though showing some 
normal alpha rhythm after eye closing. There was no obvious correlation between 


the presence of his apparition (circle and Red Indian) and the content of the 
record. 


Progress—For the first four days in hospital he saw nothing abnormal apart 
from the circle with the Red Indian in the centre. 

1.9.50: The patient was lying in bed on his back. On removing the green eye 
shade he saw the “Red Indian” appearance on the ceiling. On looking to the left 
the vision moved to the left. On Icoking down and to the right it moved down and 
to the right. On covering the right eye it disappeared. On opening the right eye 
it reappeared. On closing the left eye it persisted. Pressure on the lateral aspect 
of the right eye did not alter the appearance in any way, that is, it was not 
duplicated. 

4.9.50: The left eye was covered with an eye shield at 11 a.m. One hour later 
the three electric light bulbs of a chandelier appeared to run into one and form a 

“face like a poodle with long fluffy ears, black nose and all.” On looking away from 
the light it disappeared. 

Later in the day he saw a buxom woman dressed in pink and green sitting 
between the two men opposite him at te 

In the evening he had a series of sna phenomena of the same type as those 
described in the history. 

An EEG carried out while he was seeing faces and people showed no change 
from the previous record. 

The visions seemed to be of two types—one that occurred on a blank wall 
ceiling, often consisting of people, which he could displace at will by moving his 
eyes, and the other of the nature of building of bizarre wire formations which he 
could not move or could displace only a few inches in one direction. On moving 
his eyes away from the place where it was first seen it vanished. On one occasion 
a man opposite to him appeared to be wearing a comical carnival hat made of silver 
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paper. It came into the second category, and he later realized it was due to the 
light falling on the man’s head. As with all his apparitions the hat was seen in 
very much more detail than real objects or people in the room. 

6.9.50: He saw a figure about 10 ft. high on the wall 7 yards distant, and the 
same figure 14 in. high on a piece of paper held up 18 in. from him. A plus 
12 dioptre lens held in front of either eye made the appearance vanish. 

13.9.50: The patient had a series of hallucinations of bust-length figures well 
known to him. Many of them were associated with his early days when he was a 
political agent. He mentioned the following: Augustine Birrell, Sir William 
Hammond, Lord Russell, T. P. O'Connor, W. G. Grace (complete with cricket cap 
and beard), Queen Alexandra, Princess Elizabeth (in the uniform of the W.R.N.S.) 
ard the Duke of Windsor (when Prince of Wales, in the dress uniform of the 
Guards). With the exception of the first, which recurred several times, they 
occurred briefly and only once. The expressions on the faces were pleasant and 
not fixed. 

The following four tests were carried out: 

7.9.50: (1) The patient was given sodium amytal 3 gr. by mouth at 10.50 a.m. 
Within half an hour he developed abnormal visual phenomena. He saw people 
whose clothes were pink and green, or grey and black. Their faces and arms were 
always flesh coloured, and hair light or dark brown. He saw parts of buildings and 
white pillars. The interior of a church, sometimes with people in the pews and 
sometimes deserted, was very persistent. 

As previously some of the visual phenomena appeared to originate in a light 
effect and some to occur spontaneously in space or on a neutral surface. 

Attempts were made to correlate the appearances with the colour of the back- 
ground, but the results were not significant. The buildings and a fishing village 
possibly were related to the view outside the ward windows and the corner of the 
100m respectively, but on making him look at a red blanket the figures seen had 
ne more red in them than at other times. 

It was noted that when he was left alone to stare in front of him and talk freely 
the appearances became more organized than if his attention was taken up by 
interrogation. The illusions were most marked when drowsy. 

On holding a plus 12 dioptre lens in front of his right eye he was able to see 
objects in the ward and the abnormal appearances vanished. 

On one occasion he saw a very tall grandfather clock with a man standing 
beside it. A few minutes later he said “What I thought was a grandfather clock 
seems to be a beam on the ceiling.” On being allowed to see the beam in question 
through a lens he agreed that that was what he had misinterpreted. 

After 1'4 hours, lunch was served in the ward and he became very alert and 
ceased to see anything abnormal. He was given lunch and a further 3 grains 
of sodium amytal, shortly after which he began to tell the observer about his 
domestic troubles. He saw no more hallucinations and went into a deep sleep. 

9.9.50: (2) The patient was given 0-2 gramme of mescaline sulphate by mouth. 
Within ten minutes, and for a further hour, he had an almost continuous series 
of'visual phenomena. At times they were brighter than on any previous occasion. 
Uaion Jacks were common. He described them as bright red, white and blue with 
perfect detail. The phenomena disappeared with the eyes closed, but in contra- 
distinction to what had occurred previously, persisted with only the left eye open. 

Pewter coloured masses of wire appeared which moved in the same direction as 
eye movements. 

On looking from dark to light, or from light to dark, they tended to disintegrate. 

Three-quarters of an hour after being given mescaline, plus 12 dioptre lenses 
were applied. 

For a few minutes after this he saw the ward relatively well and nothing else. 
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Then he described a red, a blue and a black tassel hanging from the ceiling. The 
opposite bed appeared to grow larger and became reduplicated. The reduplication 
persisted on closing the left eye but was not present on closing the right eye 
(corrected V.A. 1/60). This was followed by wire formations and figures, buildings, 
etc., which continued till after the lenses were removed. One and a half hours 
after mescaline he complained of feeling tired and chilly. He curled up in bed and 
slept for ten minutes. From this time on he saw no abnormal appearances till 
next Morning. 

At no time had he auditory hallucinations, or visual phenomena with the 
eyes closed nor, with the exceptions of the illusions that appeared to be coming 
from the left eye and the slight extra brightness in colour, was there any funda- 
mental difference in the character of his ‘ ‘apparitions” from what he had seen 
previously. 

The only other abnormalities he described were on one occasion he said he felt 
he was “out of himself” and “in another body,” and on two occasions he described 
a sensation as if fluid were bubbling down the inside of his legs. In the later 
stages there was a feeling of lack of somnolence and a retardation of the passage 
of time. 

2.9.50: (3) 1.45 p.m. The patient was given 2 oz. of whiskey in 3 oz. of water. 
Within ten minutes he saw a typical series of “apparitions.” Most of them moved 
with the point of fixation and appeared only when the right eye was open. 

2.15 p.m. The following was taken down verbatim in shorthand; “All I 
see now is a wall-paper pattern. Mostly O’s. now. There is a face over there 
but it is very small, very small. I can see something but I can’t define it, it is 
so very faint. Partly only I see. There is a face now with arms outstretched. 
The same coloured material. There is a turban on his head and neck and 
shoulders. Small face of a lady over there, gone too quickly to say what it is 
like. 

“There is a face there, a female face, not at all unpleasant, but still got green 
gaily coloured costume on. Funny face—a man. There is a small face there 
with a ring of gaily coloured stuff all round it. Apparently changed to a man 
with a white shirt or something on. There is a different face with the same 
ring of coloured stuff. I shall forever dream of that. Another sort of face with 
the same stuff but seems to be wearing a tall hat. 

“*There is grandmother’s head’ (not patient’s grandmother). I have seen 
nothing in my life like it. There is a lady’s face with ear-rings dangling. She 
has got a big bow behind her head, more like butterfly wings. There is a man 
lying over to the left. Got tall kind of headgear but can’t describe it. The 
face has got what I call a beef-eater’s hat on, but he has not got a beef-eater’s 
coat. Now it seems as if the panel on that door was criss-crossed in diamond 
pattern about 1'4 in. square. Now it’s all muzzy, with kind of warm grey, buff 
and very pale pink all woven about. Three faces faintly. They are sinking 
down to the corner. 

“It looks like one of the old Scotch Greys—grey horse, red tunic and busby. 

“I can’t conjure up these pictures in my head. I have never seen anything 
like them.” 

2.30 p.m. He showed no signs of alcoholic intoxication, and the hallucina- 
tions were infrequent and faint. 

22.9.50: (4) As a control the patient was given Eastons syrup 4 02. in 3 oz. of 
water under similar conditions to the sodium amytal, mescaline and alcohol tests. 
Previously he had been seeing faint and infrequent appearances. They were in no 
way enhanced. He made such remarks as “There is a female trying to come 
through but it does not arrive.” 

The results of the amytal test are interpreted as indicating that the optimal 
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conditions for the occurrence of the hallucinations are those that are conducive 
to sleep but not those that are actually leading up to sleep. The hallucinations were 
gone when he was about to lose consciousness. 

In the early stages of mescaline intoxication, when the patient was lying con- 
tentedly in bed, the hallucinations were vivid and appeared in the absence of the 
optimal peripheral condition: that is, they were present with the left eye only open 
and with the maximum visual correction. Later, when the patient was in the stage 
where he felt he would never sleep again, and somewhat alarmed by the slowness 
of the passage of time, there were no hallucinations. 

Alcohol enhanced the production of hallucinations, 

Apart from the substances used in the four tests the patient had no medication 
while in hospital. 

DIscuSSION 

It is felt that from the above observations it can be concluded that the 
patient had well organized visual illusionary hallucinations, the nature of 
which he never confused with reality, and which apart from after mesca- 
line only occurred when he was awake and with his right eye open. 

At least one type, that is the red and green oblongs surrounding the 
Red Indian head and the other figures that move with the point of 
fixation, appear to be a misinterpretation of a stimulus coming from the 
lesion at the right macula. The other type, including the partridge, the 
church and other buildings and some of the human figures and wire 
effects, seems to be a misinterpretation of stimuli coming from the external 
environment. 

The following quotations from “A Midsummer Night’s Dream” are 
applicable in part: — 

“Such shaping fantasies that apprehend 
More than cool reason ever comprehends.” 


“And as imagination bodies forth 
The form of things unknown the poet’s pen 
Turns them to shapes and gives to airy nothing 
A local habitation and a name.” 
and 
“Or in the nights imagining some fear 
How easy is a bush supposed a bear.” 


The phenomena differ from hypnagogic hallucinations as first described 
by Maury (1848) and recently discussed by Vihvelin (1948). Three out- 
standing points of difference are that hypnagogic hallucinations always 
occur immediately before sleep, and with the eyes closed, and are 


frequently associated with auditory hallucinations. 

Purple vision (erythropsia), due to excess light reaching the retina, and 
blue vision (cyanopsia), probably due to the previous influence of adaption 
to the yellow colour of the lenses, occur not uncommonly after cataract 
extraction: but not as a rule organized hallucinations. 
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Lesions at the macula can cause abnormal visual phenomena, but 
nothing comparable to those described in this paper. 

Duke-Elder (1949) in his “Text Book of Ophthalmology” refers to 
hallucinations of retinal origin. He quotes Ormond’s (1925) discussion of 
“Visual hallucinations in sane people.” The hallucinations described in 
this paper possibly fit into the same category as our patient, but clinical 
material is scanty. At least one patient referred to had hallucinations in 
a hemianopic field. Duke-Elder also quotes the case described by Mills 
and Camp (1905). This patient’s hallucinations occurred in the course 
of acute delirious mania and he had a macroscopic lesion of the occipital 
cortex, confirmed at post-mortem. 

The old man drowsing in an armchair who sees “pictures in the fire” 
and hears old familiar voices appears to confuse reality with his vivid 
memories, and it is often difficult to say whether he is fully awake. But 
our patient sees his visions when awake, and can describe them in the 


form of a running commentary, and there is no feeling of familiarity 
attached to them (with the exception of the hallucinations of public figures 
occurring on 13.9.50). At any time he can distinguish his hallucinations 


from reality and there is no suggestion of retrospective falsification of 


memory. 

H. Flournoy’s case is in many ways similar. This author does not 
mention whether the visual phenomena moved if the patient moved his 
point of fixation, and the peripheral ocular element seems to have been 
a less important factor than in our old man. 

The psychological theory of the etiology of Lilliputian hallucination 
of Leroy (1921) and Mignard (1922) in which they state that there is a 
regression to the childhood state where the fear of being in an adult 
environment is allayed by the pleasant diminutive and toy-like character 
of the subjects, applies little if at all in this case. Certainly the psycho- 
analytic explanation as propounded by H. Flournoy, explaining the 
appearances as a wish to give birth to new creatures, and even finding in 
them phallic symbolism, can be discarded. The only occasion when there 
was an element of recall of visual impressions from memory was when he 
saw the public figures on 13.9.50. 

The optic theory of Salomon (1922) is more acceptable. The case of 
H. Flournoy and the one under discussion both show the phenomenon of 
the hallucination varying in size with the distance to which it is projected. 
in the present case the fact that some of the hallucinations moved with 
the fixation point and the absence of abnormal visual appearances with 
the eyes closed strongly supports this theory. 

It is suggested that stimuli originating either in the right macula or 
in the external environment and in the absence of adequate normal visual 
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stimuli causes the patient’s visual cortex to register organized visual 
appearances in his consciousness. 


VisuaL HALLUCINATIONS AND PHANTOM LIMBS 


In phantom limbs a comparable condition exists. The phantom could 
be described as a sensory illusionary hallucination. There is absence of 
normal exteroceptive and proprioceptive stimuli combined with abnormal 
afferent impulses arising in the severed ends of the nerves of the limb. 
The presence of afferent impulses from the periphery can abolish the 
hallucination. Many patients have the experience of the phantom 
disappearing when an artificial limb is worn. Dr. Ritchie Russell (Russell, 
1949; Russell and Spalding, 1950) has successfully abolished painful 
phantoms by pressure or repeated percussion of the stump neuromata. 
Here we have abnormal but excessive stimuli abolishing the hallucination. 
Russell (1949) describes positive sensory manifestations during treatment. 
It is considered that these sensations are another example of hallucinations 
arising from abnormal afferent impulses in the absence of normal stimuli. 


The foregoing conclusions lead the author to state that an important 
factor in the production of hallucinations is the absence of normal stimuli 
to the part of the brain concerned. The fact that these hallucinations can 
be abolished by normal or excessive abnormal stimuli from the relevant 
peripheral fields is stressed as supporting this statement. If that part of 
the cortex which is responsible for the production of conscious sensations 
is deprived of its normal afferent impulses it acts independently and 
produces conscious imagery. The failure of surgical interruption of the 
sensory pathways to abolish phantom limbs and the presence of visual 
hallucinations in hemianopic fields and in the blind support this hypo- 
thesis. This hypothesis of the release of the part of the brain responsible 
for consciousness causing hallucinations can be extended to include hallu- 
cinations of drug intoxication, it being postulated that the toxic substance 
has more action on the afferent impulses to, than on the substance of, the, 
pait of the brain responsible for registering sensations in consciousness. 


The teichopsia of migraine could be explained as a release phenomenon 


due to partial ischemia preceding cessation of function when the ischemia 


is more complete. 

Dreams and hypnagogic hallucinations could be similarly explained as 
due to selective cessations of function. In the former there is probably a 
large element of retrospective falsification of memory. 

Vascular or neoplastic abnormalities of the temporo-parietal region can 
produce organized visual hallucinations. It seems more likely that the 
method of production is the action of a normal part of the brain in the 
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absence of its customary afferent impulses than that such an intricate 
mechanism should be activated by “irritation.” 

The hallucinations of psychotic patients may well be due to dissociation 
of part of the brain, allowing it to act independently, or to misinterpret 
abnormal afferent stimuli. 

The crude visual hallucination of calcarine lesions seem to the author 
more likely to be due to a release phenomena than stimulation; as do the 
transient phenomena following gunshot wounds of the head. “For 
example, a parietal wound may cause a sensation like an electric shock 
in a limb of the opposite side, or an occipital wound may cause a momen- 
tary crude visual hallucination” (Russell, 1945). 

So far we have dealt only with sensation which is considered to reach 
consciousness in the cerebral cortex. The original hypothesis of Head and 
Holmes (1911) that pain appreciation was a function of the thalamus has 
been disproved in no way by decortication experiments in animals, 
strychnin injections of the thalamus and decortication of human subjects. 
Hyperpathia and paroxysms of pain may occur after lesions, and in parti- 
cular partial lesions, at any level of the sensory pathways, from the 
peripheral nerves to the thalamus. This is seen after herpes zoster (post- 
herpetic neuralgia), wounds of the peripheral nerves (causalgia), wounds 
of the cord, syringomyelia and lesions of the medulla and pons. A similar 
condition may occur in lesions in or around the thalamus. We consider 
that this so called “central pain” can be explained as an independent action 
of the part of the thalamus responsible for the sensation of pain. There 


may be an element of misinterpretation of normal stimuli from the 


periphery. This hypothesis is supported by the fact that surgical inter- 
ruption of the sensory pathways does not relieve this type of pain. Yet 
percussion of the stump neuroma does relieve the causalgia following an 
amputation and we suggest that the mechanism is a restoration of relative 
normality of the thalamus by excessive abnormal stimuli from the peri- 
phery. The hyperpathia of the “thalamic syndrome” is, it is here suggested, 
a misinterpretation by the thalamus which has been deprived of normal 
stimuli from the periphery. Thus we postulate that pain of central origin 
is a “hallucination” arising in the thalamus owing to lack of normal 
afferent impulses and that the hyperpathia of the thalamic syndrome is 
an “illusionary hallucination” due to misinterpretation of normal stimuli 
coming from the periphery. 
SUMMARY 

The literature concerning hallucinations in patients with cataract is 
reviewed. 

A case of an old man with bilateral cataract who had well organized 
illusionary hallucinations distinguishable by him from reality is discussed. 
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A syndrome of well-organized illusionary hallucinations is discussed. 

The syndrome is compared with the phantom limb phenomenon. 

An important factor in both syndromes is considered to be the absence 
of normal stimuli from the periphery. 

It is postulated that the deprivation of the part of the brain responsible 


for conscious impressions of its customary afferents is an important factor 


in the production of hallucinations. 
Sincere thanks are expressed to Dr. Macdonald Critchley for permission 
to publish the case under his care. 
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Norices or Recent Pusiications 


Medical Neuropathology. By I. Marx Scueinxer. 1951. Pp. 372 with 
186 illustrations in the text. Springfield, U.S.A. C. C. Thomas. Price 
10 dollars. 


The title of this book scarcely conveys its scope, which is better expressed in the 

preface as “Neuropathology in relation to internal medicine and general pathology.” 
It confines itself to a discussion, along rather limited lines, of the pathology of the 
cerebral manifestations of cardiac diseases, vascular diseases, arterial hypertension, 
blood dyscrasias, lung diseases and diseases of the liver. To these are added 
somewhat arbitrarily chapters on the cerebral reactions to chemotherapy and 
exogenous intoxicants and on polyneuritis and neuritis. In none of these chapters 
does the discussion cover the whole subject, and in most cases only a few of its aspects 
are considered. For example the complications of congenital heart disease, 
thrombophlebitis migrans and giant-celled arteries are not even mentioned. Nor is 
anything said about berry aneurysms or telangiectases The description of 
polyarteritis nodosa omits all mention of lesions in the muscles and the writer is 
uncertain whether the lesions in the nerves are due to changes in the vasa nervorum 
or to some toxic influence. The disease is described as a necrosis of the innermost 
parts of the media and intima. It is not even suggested that the whole thickness of 
the media may be involved, nor that necrosis may only affect one side of the vessel, 
and the relationship of necrosis to inflammation is not discussed. 

The chapters on diseases of the lung and liver are equally sketchy. In the latter, 
a short description is given of Kernicterus but in considering its pathogenesis no 
reference is made to Rh factor incompatibility, an omission which is scarcely 
believable in an up-to-date work. 

In the description of the pathology of the Guillain-Barré syndrome, the author 
says that the “primary and most characteristic changes consist of a tremendous 
swelling of the nerve fibres of the spinal cord roots, spinal cord tracts and of the 
cranial and peripheral nerve.” “This is followed by strangulation of the radicular 
nerves at their points of penetration through the spinal meninges. The mechanical 
constriction of the strangulated radicular nerves may result in sudden loss of 
function.” It is curious that the “tremendous swelling” has not been observed by 
others, who have studied this disease. No mention is made in this chapter of the 
neural complications of generalized amyloidosis. 

It may well be asked how, with so limited a field and so many omissions, the 
author has filled so many pages. The answer is to be found partly in the reports of 
many individual cases , few of which are of special interest, partly in the numerous 
photographs of brains showing common varieties of hemorrhage, infarction and 
vascular softening, but most of all in the author’s reiteration of the thesis which his 
writings have made familar, that most cerebral complications of vascular disease are 
due to functional changes in the capillaries and small veins of the brain which pass 
through the three stages of vaso-porosis, vaso-paralysis and vaso-thrombosis. It 
would appear, from rez ding this book, that most cerebral haemorrhages, both those in 
hypertension and anteriosclerosis and traumatic hzmorr hages, as well as brain-stem 
hzmorrhages secondary to supratentorial space occupying lesions, are venous in 
character. We have been entirely wrong, it would appear, in considering the capsular 
hemorrhages of hypertension as due to rupture of small arteries. “The size of the 
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hemorrhagic lesion depends largely upon the size of the altered blood vessel... . A 
massive hemorrhage must have as its point of origin one or several large veins. 

The largest veins are found within the basal ganglia and in the central white 
matter. . . . This localization of the large veins may possibly, at least in part, 
explain the predominant occurrence of massive hemorrhages within the basal 
ganglia and the white matter.” Q.E.D. It is all so simple that one wonders why no 
one had thought of it before. 

This book may commend itself to those who like simplified arguments such as 
those quoted but to the reviewer it savours more of medical sophistry than of 
scientific observation. 


Pathology of the Central Nervous System. By C. B. Courvitte. Third 
Edition. 1950. Pp. 473 with 208 figures. Pacific Press Publishing 


Association, Mountain View, California. Price 9 dollars. 


This edition preserves the form and most of the text and illustrations of the 
second edition, which appeared in 1945 but of which no notice appeared in Bran. 
The first edition was reviewed in 1937. The concentration on pathogenesis rather 
than on histological changes, an unusual approach to the subject noted when the 
book first appeared, has been continued in the later editions. Although unexpected 
from so good a histologist as Dr. Courville, this special emphasis is clearly intentional 
and from the student’s point of view is valuable as it enables him to understand the 
main outlines of the subject without being distracted by histological details. At the 
same time, it detracts from the value of the book as a work of reference or as a 
textbook for serious students of the histopathology of the nervous system. This 
defect is largely remedied by the copious references and in places by useful footnotes. 
Almost all the histological detail concerning the neuron and neuroglia is condensed 
in an “Introduction” 50 pages long, made all the shorter by numerous illustrations. 
Many of these are the author’s drawings and throughout the book these are used 
freely to convey his views, not only of histology but also of pathogenesis. At the end 
of this section, w riting of “the chemistry, the physics, the physiology of the nerve 
cell,” the author says “Some day new methods, new avenues of approach will make 
it possible for us to comprehend these mysteries.” There is no hint here of the 
pioneer physico-chemical and histo-chemica] work which has already been done both 
in America and Scandinavia on the chemical constitution of the nerve cell and nerve 
fibre, the arrangement of lipid and protein molecules and the enzyme systems in the 
perikaryon. 

The various “parts” into which the book is divided are very unequal in quality, 
the best being those on congenital malformation, traumatic lesions and tumours. The 
shortest and least satisfying is that on degenerative diseases, abiotrophies and diseases 
of unknown etiology, which is little more than a list of names. ; 

Part VII on tumours departs from the usual lines in including the commoner 
tumours of the skull and spine. It is to be regretted that the author retains the 
misnomer “cranio-pharyngioma” for tumours which are supposed to be derived from 
the cranio-buccal cleft. His description of pineal tumours makes no reference to the 
common presence in them of teratoid elements such as cartilage and cystic spaces 
lined with columnar squamous epithelium, to which the older literature, as well as 
several more recent papers, have drawn attention. The epithelium lining paraphysial 
cysts is described as “flattened,” not as the mucus-secreting columnar and goblet- 
celled epithelium, which it is. 

In spite of many small errors and defects of this kind the book remains one of the 
best introductions, in the English language, to the pathology of the commoner lesions 
of the central nervous system. 
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Modern Trends in Neurology. Edited by AnrHony Fettinc. 1951. Pp. 
717. London: Butterworth and Co. Price £3 3s. 


The steady increase in amount and range of knowledge in neurology as in other 
branches of medicine provides the justification for periodical statements, factual and 
critical, of particular fields of advance, and the editorial task includes amongst its 
difficulties that of the selection of topics to be dealt with. No choice thus made will 
please every reader. There must be an end to every book, and some omissions will 
be regretted and some inclusions thought unnecessary. Thus, perhaps the past decade 
has not added anything fundamental to our knowledge of intracranial tumours, yet 
their consideration occupies some 70 pages—most excellent pages, be it said, of the 
present volume. On the other hand, the obscure problems of the demyelinating 
diseases: the leucodystrophies, and the various forms of encephalomyelitis clamour 
for a modern clarifying account, yet find no place, while the important American 
studies on the neural changes and lesions in poliomyelitis obtain no adequate 
description in the article on this disease. 

These, however, are negative criticisms. On the positive side the volume contains 
a number of important statements on a variety of anatomical, physiological and 
clinical problems. These include Rushton’s article on the conduction of the nervous 
impulse, Denny-Brown’s on the frontal lobes—a difficult article, but one essential to 
the reader who wishes to keep au courant with modern research on this subject, and 
Meadow’s on intracranial aneurysms, an outstandingly clear and valuable statement 
of a very important subject. Of comparable importance is Bull’s article on diagnostic 
neuroradiology. Worcester-Drought gives a critical assessment of modern modes of 
treatment of neurosyphilis, and other articles deal with headache, cerebral palsies of 
infancy, arachnoiditis and meningitis, abscess, subdural effusions, arteritis and 
polyarte ritis nodosa, thoracic inlet syndromes, rupture of the intervertebral disc, 
epilepsy and clinical electroencephalography, from the pens of writers experienced 
in these topics. Both American and British neurologists are numbered amongst the 
authors, and the editor is to be congratulated on a stimulating and valuable volume, 
admirably produced by the publishers. 


Problems in Cerebellar Physiology. By G. Morvuzzr. 1950. Oxford: 


Blackwall Scientific Publications Ltd. Price 3 dollars 25 cents. 


This monograph deals with the experimental physiology of the anterior lobe of 
the cerebellum, the so-called palzocerebellum, of the cat. The subject is one to 
which the author has made major contributions. The anterior lobe receives impulses 
from spinal, olivary and cortical sources, and its stimulation influences postural tonus, 
and also spinal, diencephalic and cortical activities. It is suggested that this 
cerebellar lobe has functions resembling those of the “suppressor cortical areas,” 
inhibiting spinal motoneurones through reticulospinal paths. It also seems to have 
facilitating influences upon tonus. He concludes that the anterior lobe may be 
considered as a system of long chain circuits of internuncial neurones superimposed 
upon many spinal, brain-stem and cortical systems. 


The Cerebral Circulation in Health and Disease. By C. F. Scumipr. 1950. 
Oxford: Blackwell Scientific Publications Ltd. Price 15s. 


This small monograph provides a lucid summary of the physiology of the human 
circulatory system in a very readable form. 








